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National Water Commission 
Water-dependent ecosystems position statement 
 
Water-dependent ecosystems in Australia 
Water-dependent ecosystems include wetlands, floodplains, riparian areas, estuaries and 
springs. They provide many important services including provision of good quality water for 
irrigation and domestic use, habitat for fish and other aquatic fauna and flora, removal of 
wastes and contaminants, and aesthetic, cultural and recreational benefits. Without 
adequate and timely water these ecosystems lose their capacity to provide such services. In 
some cases, the losses may be irreversible; in others, they may be difficult and costly to 
reverse. Under current conditions, many significant water-dependent ecosystems are under 
threat. 
 
Commitments under the National Water Initiative to water-dependent ecosystems  
Striking a balance between water for consumptive uses and water for ecosystem health—so 
that environmental, social and economic outcomes are optimised—is integral to the National 
Water Initiative Agreement. Water planning is the fundamental means for achieving this 
balance. Overallocated water systems need to be restored to environmentally sustainable 
levels of extraction; in other systems, crucial environmental assets and ecosystem services 
need to be protected.   
The National Water Initiative calls for:  
· environmental water to enjoy the same security as water for consumptive uses 
· environmental water managers to be established and equipped with the necessary 
authority and resources 
· water market and trading arrangements to protect the needs of the environment 
· environmental water to be included in water accounts and audited 
· periodic assessments of river and wetland health to be conducted so that adaptive 
management can be undertaken on an evidence basis. 
 
Progress on water-dependent ecosystems  
The National Water Commission’s 2007 First Biennial Assessment of Progress in the 
Implementation of the National Water Initiative found that all states had made statutory 
provision for water to meet environmental and public benefit outcomes within water plans, 
however:  
· over-allocated systems were not always adequately identified  
· environmentally sustainable levels of extraction were poorly defined  
· there was considerable variability in the quality of the science underpinning water 
plans  
· in many cases the trade-offs between environmental and consumptive uses were 
not transparent  
· there was often a lack of specificity in the environmental outcomes. 
The Commission considers that the protection of threatened water-dependent ecosystems, 
including the recovery of overallocated systems, continues to be a major challenge in 
implementing the National Water Initiative Agreement.   
 
The Commission’s water-dependent ecosystems activities  
Over the past three years, the focus of Commission activities has been on filling knowledge 
gaps and promoting science to support good decisions about environmental water.   
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These activities have included: 
· commissioning the synthesis of existing knowledge about specific aspects of water-
dependent ecosystems and their management 
· commissioning scoping studies to identify critical knowledge gaps and provide 
guidance on research priorities 
· providing grants to research programs addressing issues such as the formation of 
acid sulfate sediments, water requirements for native fish populations and the use of 
aerial surveys of waterbirds as indications for wetland health 
· supporting environmental water managers by establishing a ‘community of practice’ 
where they can share experiences 
· undertaking trials of a national framework for assessing river and wetland health 
(FARWH), with the intention that an agreed framework will be delivered in 2011. 
 
Future directions for water-dependent ecosystems 
The Commission will continue to build on these activities. However improved knowledge 
alone will not ensure that environmental outcomes are achieved. The Commission has 
therefore adopted the following six priorities to guide future work involving the management 
of water-dependent ecosystems:    
1. Help develop and implement national guidelines and procedures for determining 
environmentally sustainable levels of extraction of water. A nationally agreed method 
will expedite the formulation of water plans that protect water-dependent 
ecosystems and include a pathway to recover overallocated systems. The methods 
will include guidelines for establishing clear environmental outcomes. 
2. Pursue an agreed national inventory of over-allocated water systems together with 
commitments by governments to return them to sustainable levels of extraction. 
Identifying overallocated systems and recording agreed actions to recover the water 
needed to restore sustainability is central to achieving environmental outcomes 
contained in the NWI.  
3. Improve the security of environmental water. In spite of the legislation now passed in 
all jurisdictions, environmental water allocations often lack specificity and there is 
uncertainty around the status and security of environmental water holdings. 
4. Support more effective management of environmental water. There are many 
shortcomings in the governance and operations of environmental water managers. 
Statutory empowerment, funding, skills and access to science, data and best 
practice guidelines all require urgent attention. The development of a national 
community of practice in environmental water management is an important initiative 
that will support these water managers. 
5. Strengthen the role of adaptive management of environmental water. Recent work 
commissioned by the Commission1
6. Implement the Framework for the Assessment of River and Wetland Health. While the 
Commission will continue to support the implementation of the Framework for the 
Assessment of River and Wetland Health, its successful adoption rests with the 
parties to the National Water Initiative Agreement.  
 showed there is a deficiency in monitoring and 
reporting on plan implementation. This is a significant weakness when coupled with 
gaps in ecological knowledge and the occurrence of climatic conditions outside the 
planned-for circumstances. More systematic monitoring and reporting is essential to 
enable the water management regime to be adapted intelligently in the light of 
experience. 
By pursuing these priorities, the Commission will play its part in promoting the enduring 
objective of the National Water Initiative to manage water–dependent ecosystems to best 
effect. We urge the parties to the National Water Initiative Agreement to do likewise. 
 
National Water Commission  1 September 2008 
                                                 
1 Hamstead M, Baldwin C. and O’Keefe V 2008, Water allocation planning in Australia – current practices and 
lessons learned, Waterlines Occasional Paper No. 6, April 2008, National Water Commission. 
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Executive summary 
This Waterlines report is part of a series of papers commissioned on issues relating to 
Australian aquatic ecosystems. These Waterlines reports will contribute to improved 
environmental water management by stimulating discussion, synthesising current thinking, 
identifying knowledge gaps, and highlighting areas that warrant further investigation. 
Introduction 
Interest and desire to better recognise and protect the environmental values of estuaries has 
increased during recent years. At the same time, there has been an increased recognition of 
the connectedness of estuaries with their catchments. These developments have led to an 
increased focus on the need to manage environmental flows for the benefit of maintaining 
ecosystem function of estuaries as well as for the freshwater parts of catchments.  
One of the key issues for advancing management of estuary health in Australia has been 
confusion, or lack of adequate information, about how to implement and govern 
environmental flows for estuaries. The first step in addressing this issue is to review the sorts 
of legislative and regulatory processes and policy instruments that are available in relation to 
environmental flow management for estuaries.  
This report investigates the gaps, constraints and opportunities for developing a standardised 
or integrated approach towards assessing, implementing and governing environmental flows 
for estuaries at the national, state and territory level. A key objective of this report is to provide 
policy makers with a clear picture of the existing practice, legislation, regulation protocols, 
institutional and governance models and management regimes regarding estuary 
environmental flow management.  
Gaps 
Legislation and policy 
The following gaps were identified: 
· There is a general lack of specific reference under most legislation to the provision of 
environmental flows for estuaries. 
· There is a general lack of direction to ensure that estuaries are considered on an equal 
basis with other competing users of water when environmental flows are determined in 
the water allocation planning process.  
· There is a common view that whatever flow is residual after other entitlements and 
allocations have been determined can go to the estuary.  
· There is a lack of knowledge of the effects of altering freshwater flows to estuaries, and 
there is also a high level of uncertainty associated with determining adequate and 
appropriate environmental flows for estuaries. 
Process frameworks and methods 
The following gaps were identified: 
· There are serious data limitations, as estuaries have traditionally not been well 
represented in long-term monitoring programs, and there are few tide gauges established 
within estuaries. 
· There are serious methodological challenges (e.g. modelling estuary hydrodynamics and 
sediment dynamics is technically difficult). 
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· The absence of available data on ecological and underlying physical processes has a 
large influence on the methods that could be adopted and the likely outcomes of any 
given study, most of which rely on expert panels and qualitative risk based assessments. 
· There is a need for additional investment in research and development and long-term 
monitoring to improve significantly on the current approaches. 
· Given the high cost of undertaking serious scientific investigations of particular estuaries 
to support environmental flow assessments, there is a need to first prioritise estuaries. 
Not all states and territories have developed formal prioritisation methods. 
· There is no accepted standard framework for assessing environmental flow needs for 
estuaries at either a national or international level. While a standard framework might be 
desirable for Australia, such a framework would have to be sufficiently flexible to allow 
application of a range of scientific assessment methods to each particular estuary. 
Governance arrangements 
The following gaps were identified: 
· Governance of estuarine ecosystems and resources is typically shared among multiple 
state agencies, which in some instances, leads to a complex set of arrangements.  
· In some instances, more complex and complete legislation has led to more complex 
governance arrangements, thereby making legislation harder to apply and enforce. 
· Overall, it is difficult to determine the degree to which particular governance 
arrangements are working. Such an assessment would require a thorough review of the 
management goals set out for particular estuaries and catchments (environmental, social 
and economic) together with an assessment of performance in achieving those goals.  
· Biophysical knowledge gaps limit the ability to assess ecological response to different 
development scenarios. From a governance perspective, the limitations in available data 
remain an important stumbling block in managing environmental water allocations to 
estuaries. 
· In terms of governance, a looming influence over planning for environmental flows for 
estuaries is future climate change effects. 
Community engagement and involvement 
The following gap was identified: 
· The use of expert panels and stakeholder representative committees for making 
decisions regarding setting environmental flow trade-offs and rules is common. These 
panels and committees will remain important given the limited availability of scientific 
information regarding environmental flow needs of estuaries. However, anecdotal 
information is not a substitute for good science, and estuaries will continue to need well-
planned and adequately funded investigation and monitoring.  
Opportunities for national leadership 
In governing how estuaries are to be considered with respect to the determination of 
environmental flows, the freshwater–marine divide must be spanned. Estuaries tend to be 
governed (policy) and studied (science) separately. A national policy framework is required to 
ensure better integration. There is a role for both national and state or territory level 
responsibility in the management of estuaries. There are too many regional differences to 
make a single national management system viable. However, national leadership would be 
valuable in the areas listed below. 
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A national policy for estuary environmental flows (that the states and territories can 
point to in their legislation) 
This needs to be specific to estuaries, as existing agreements such as the National Water 
Initiative (Council of Australian Governments 2004) are ‘stretched’ to estuaries with difficulty. 
The vulnerability of estuaries to potentially serious climate change impact heightens the need 
for such an approach. 
A national framework for assessing and implementing estuarine environmental flow 
needs.  
The framework could include: 
· national database of flow–ecology and  flow–geomorphology relationships 
· consistent assessment approaches for measurement and modelling of particular 
estuarine processes 
· a two-tiered national approach for estimating estuary freshwater flow requirements (one 
approach for assessing simple, data-poor, low-value systems, or for prioritising multiple 
estuaries, and a detailed approach for complex, data-rich, high-value estuaries) 
· recognition of the vulnerability of estuarine zones, as well as the freshwater inflows to 
estuaries, to the effects of climate change.  
 Geoscience Australia hosts the OzEstuaries2
 With respect to the Matter for Target (i.e. key topic) ‘Estuarine coastal and marine habitat 
integrity’, the National Land & Water Resources Audit (the Audit) has recommended the 
key indicators for Biological Condition and Physical/Chemical Condition.
 database. This database provides 
comprehensive information about Australian estuaries and coastal waterways. This 
information helps to generate a better understanding of coastal environments, the 
complex processes that occur within them, the potential environmental health issues and 
how to recognise and deal with these issues. This database does not contain a list of 
specific flow–ecology relationships in a form that can be referred to in environmental flow 
studies. 
3
There is currently no specific Commonwealth funding program for implementation of estuary 
environmental flows. Bridging funding is required for establishment of the initial system until a 
user pays system can be developed for ongoing operation.  
 In the long-
term, these data will provide important and useful information for environmental flows 
studies. In the near- to mid-term future, environmental flow studies that require data are 
likely to undertake measurement of a limited range of parameters in a specific way for a 
relatively short period of time. This is not surveillance monitoring, but monitoring tailored 
to a specific type of investigation. Specific approaches will be required to suit the needs of 
the particular methods being employed.  
A national set of guidelines for describing and specifying flow rules 
These should address implementation issues and provide common terminology. It is 
important that a consistent format is used to specify environmental flow components. At a 
minimum, flow components should be specified in terms of timing, flow magnitude, frequency 
and duration, but it could also be necessary to specify other aspects of the flow components. 
Consistency is also required in the practical specification of how environmental flows are to 
be implementation by managers. Compliance checking (the degree to which the specified 
environmental flows are met in a hydrological scenario) also requires development of a 
consistent methodology.  
Assistance with implementation of developed and soon-to-be-developed plans 
                                                 
2 <http://www.ozcoasts.org.au/>, accessed 24 June 2008. 
3 <http://nlwra.gov.au/Natural_Resource_Topics/Estuarine_Coastal_and_Marine/>, accessed 24 June 2008. 
viii           NATIONAL WATER COMMISSION — WATERLINES 
A national investment program or framework for estuary research and development, 
and management  
There is currently no national approach to estuary research and management. A national 
framework has the potential to achieve better coordination of otherwise independent research 
and management activities. 
Suggested national framework for assessing and implementing 
estuarine environmental flow needs 
Initial state or region-wide prioritisation level assessment 
An initial state-wide, or bioregion-wide, prioritisation of estuaries should be undertaken to 
determine the required level of detail for investigation, or required urgency of investigation, for 
each estuary (see the Figure S1). The analysis would have the capacity to make interim 
recommendations for flow rules, using a risk assessment methodology and rules of thumb 
derived from previous experience. While prioritisation is a normal part of the planning 
process, it is suggested here that the process be formalised and documented in a transparent 
fashion.  
Figure S1: Guide for undertaking initial state-wide or region-wide prioritisation level 
assessment 
PRIORITISATON FOR ESTUARY FLOWS MAP PROCESS
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It is expected that the prioritisation can be undertaken using existing data sets. Four variables 
that are likely to require consideration in such a process are: 
· estuary type (with respect to sensitivity to change in inflows) 
· assets, presence of and relative condition or value of environmental assets, plus social, 
cultural and economic assets as relevant 
· degree of hydrological alteration to freshwater inflows 
· impending threats to freshwater inflows (such as proposed water extraction). 
The prioritisation level assessment recommended for the national framework is presented 
here as a guide (see figure S2). Each state and territory would be expected to adapt this 
guide to suit the physical and ecological environments, data availability and existing methods. 
The information gathered by this process may enable preliminary rules to be established. We 
have not proposed any detail regarding how this would be done— this can be developed by 
each state and territory. 
Figure S2: Estuary Flows Map approach for assessing and implementing estuarine 
environmental flow needs at the detailed individual estuary level. Periodic products 
from the process are shown on the right. 
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Detailed estuary-level assessment 
For estuaries that have been deemed to be a high priority by the initial state or region-wide 
prioritisation level assessment, a 13-step process of detailed assessment, termed Estuary 
Flows Map, is suggested (see Figure S2). The process described by the Estuary Flows Map 
was inspired by the literature review of existing frameworks undertaken as part of this project 
and the discussions heard at the two workshops held for this project. The Estuary Flows Map 
is asset-based, with a preference for the approach of developing an understanding of flow–
ecology, flow–geomorphology and flow–water quality relationships, and then using these as 
predictive tools to determine environmental flow requirements. 
The framework recommended here is not prescriptive with respect to scientific methods. As 
such, the Peirson et al. (2002) processes, or any other method, such as benchmarking or 
bottom-up approaches, can be employed within it. Thus, agencies are encouraged to 
continue to apply and refine their existing technical methods, as these are likely to have been 
originally developed to suit their particular circumstances and estuarine environments. This is 
not to say that alternative methods, or aspects of alternative methods, do not have broad, and 
perhaps universal, application. So, agencies are encouraged to share the methods they use 
on the basis of demonstrated results and efficient performance. 
The Estuary Flows Map contains three key requirements that differ from existing frameworks: 
· a requirement to develop a set of numerical response functions that describe 
relationships between benefits to users and water requirements 
· a requirement to explicitly consider climate change, land use change, and water 
resources development hydrological scenarios in establishing the water availability, and 
evaluation of the water allocation options 
· a requirement that any modification of the initial ecological flow recommendations (i.e. the 
option that the technical reference panel deems is required to maintain ecological values 
in the agreed state) must be undertaken through a numerical, iterative process, where 
each trade-off (between the benefits for the various users) is explicitly described and 
documented. 
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1. Introduction 
1.1 Background 
As part of the Environmental Flows Initiative in 1999 (Gippel 2001), Environment Australia4
Complicating the ability to undertake environmental flows planning for estuaries is the wide range in 
characteristics of estuaries found in Australia. Some of the variation relates to the different climatic 
regimes (which conditions the freshwater runoff regime), while other differences relate to the 
geomorphic stage of development of estuaries, tidal regime, wave climate, and sediment regime. In 
 
commissioned investigations into water requirements for three areas that had received less attention 
than freshwater (non-tidal) rivers, especially rivers below dams: one of these three areas was 
estuaries. The work, undertaken by the Water Research Laboratory (MHL), for Environment Australia, 
resulted in a report by Peirson et al. (2002) that presented a method of determining appropriate levels 
of environmental flows to Australian estuaries. The report was launched in 2002 at a workshop hosted 
by Environment Australia. From that workshop, a document was prepared that summarised the 
situation in various states with respect to environmental flow assessment and management in 
estuaries (Gippel 2002).  
At the time of the 2002 workshop, it was recognised that there were some significant knowledge gaps 
in how to assess the environmental flow requirements of estuaries and how to effectively implement 
and manage such flows (Gippel 2002). Since then, some important work has been undertaken. This 
includes the work of Scheltinga et al. (2006), Hardie et al. (2006), Strategen (2006), Sherwood et al. 
(2005), Boyes (2006a,b,c), Close (2005), Barton and Sherwood (2004), and Barton (2003). Currently, 
Victoria is in the process of developing an estuary module for their FLOWS methodology.  
The interest in and desire to better recognise and protect the environmental values of estuaries has 
increased over recent years. At the same, time there has been an increased recognition of the 
connectedness of estuaries with their catchments. For example, Gillanders and Kingsford (2002) 
noted that reduced freshwater flows to estuaries would result in increased salinity in estuaries and a 
change in the species composition and location of saltmarsh, mangroves and seagrass species 
(because some species can tolerate higher levels of salinity than others). This would result in reduced 
species diversity over time. Reductions in freshwater flows would also reduce nutrient input into 
estuaries, impacting on seagrass productivity. Such changes would have flow-on impacts to fishery 
production because seagrass, mangroves and saltmarsh are important nursery habitats for more than  
70 per cent of commercial fish species. These developments have led to an increased focus on the 
need to manage environmental flows for the benefit of maintaining ecosystem function of estuaries as 
well as for the freshwater parts of catchments.  
One of the key issues for advancing management of estuary health in Australia has been confusion, 
or lack of adequate information, about how to implement and govern environmental flows for 
estuaries. The first step in addressing this issue is to review the sorts of legislative and regulatory 
processes and policy instruments that are available in relation to environmental flows management for 
estuaries. As Scheltinga et al. (2006) indicated, around Australia, the states and the Northern 
Territory control freshwater flows under a range of heads-of-power instruments and a raft of legislative 
mechanisms, and these do not necessarily deal adequately with the estuarine part of rivers.  
It is apparent that there is no accepted standard framework for assessing environmental flow needs 
for estuaries at either a national or an international level. While a standard framework might be 
desirable for Australia, such a framework would have to be sufficiently flexible to allow application of a 
range of scientific assessment methods to each particular estuary—in relation to the physical and 
ecological characteristics of the estuary in question, time available, resources available, perceived 
priority, and existing and planned level and type of estuary resource utilisation).  
                                                 
4 Environment Australia is now the Department of Environment, Water, Heritage and the Arts 
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tide-dominated systems that are found on macro-tidal coasts, tidal-forced flows influence the 
ecological functioning of the estuary more than freshwater flows do. In wave-dominated systems, 
tides are smaller and less influential than freshwater flows. Estuary processes also differ, particularly 
with regards to freshwater and saltwater mixing, salinity regimes and salt wedge formation. Thus, 
there is a need to establish whether legislative, policy, and managerial processes and systems are 
sufficiently flexible to handle the variation in the physical, ecological and utilisation characteristics of 
Australian estuaries.  
1.2 Objectives and scope 
This report investigates the gaps, constraints and opportunities for developing a standardised and 
integrated approach towards assessing, implementing and governing environmental flows for 
estuaries at the national, state and territory level. A key objective of this report is to provide policy 
makers with a clear picture of the existing practice, legislation, regulation protocols, institutional and 
governance models and management regimes regarding estuary environmental flow management. 
Where possible, this is illustrated by reference to case studies.  
Estuarine health is affected by factors other than freshwater inflows. Indeed, in some estuaries, non-
flow related factors might be the main cause of decline in ecosystem health. In these cases, if 
improvements in health were being sought, then it would be prudent to address these non-flow related 
factors first, while at the same time protecting the freshwater inflows. While it is acknowledged that 
estuarine health is dependent on managing multiple factors, there is value in reducing the complexity 
of the problem by considering environmental flows (itself a complex issue) as a discrete matter of 
concern. The focus of this report is on environmental flows as they relate to estuarine health. This 
report does not attempt to review and make recommendations regarding the scientific details of how 
to measure estuary condition (i.e. how to value assets) or the scientific and technical aspects of 
deriving environmental flow recommendations.  
1.3 Methodology of gap analysis 
Policy or governance gap analysis is the process of reviewing existing policies or governance 
mechanisms (the current position) against a given framework, best practice, or scenarios developed 
as part of the gap analysis process. In business, gap analysis is undertaken to measure the difference 
(the ‘gap’) between projected outcomes and desired outcomes. Gap analysis results in the 
development of specific strategies to close the gap. There are various ways that gap analysis might 
be undertaken, with some forms of gap analysis also prioritising the various defined components of 
the ‘gap’. 
For this project, no specific scenarios, benchmarks, frameworks or desired outcomes were provided, 
so it was not possible to undertake a simple comparison of the current position with the desired future 
position. A major component of gap analysis in this project was to define the current position. At the 
outset, it was recognised that a significant existing gap was lack of a national-level framework to 
assist agencies in investigating, planning and implementing estuary environmental flows. In this 
report, gap analysis refers to the process of review of the current position and development of a 
national level framework.  
This report was produced using three main approaches. The first was to review available relevant 
literature on legislation, policy, approaches to scientific investigation and assessment (including 
decision-support systems), institutional and governance models, and implementation strategies for 
estuary flows. The second approach was to make direct requests to stakeholders for information on 
these topics. The third approach was to host two workshops with stakeholder representatives to 
further explore the issues.  
The objective of the first workshop was to examine the issues on a state and territory basis and to 
uncover other possible sources of information not revealed by the initial literature search. 
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The main focus of the second workshop was to seek agreement on the main findings of the project. 
These findings mainly related to: identification of gaps in information, policy, legislation, tools, 
governance models, and community engagement models; evaluation of existing approaches; and 
development of a national-level framework. The ‘gaps’ were identified through a workshop process 
that involved: presentation of information regarding the current position, presentation of possible 
future positions, and then open discussion among participants regarding the details of the desired 
future position. No formal scoring systems were employed to rank and prioritise gaps, as the main 
objective of the project was to document all of the perceived gaps, and to fill the main recognised 
gap—the lack of a national-level framework. 
1.4 Report structure 
This report is structured according to the main topics under review: 
· legislation and policy 
· decision-support systems and environmental flow methods 
· governance arrangements 
· community engagement and involvement models. 
Each one of these topics is examined separately for each individual state or territory.  
The information presented in the review sections is then synthesized in a discussion section. Finally, 
a framework is presented that can be used nationally to guide estuary environmental flow 
prioritisation, planning, investigation, implementation and ongoing management. 
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2. Legislation and policy frameworks 
This section reviews the legislation and policy that exists at the national, state and territory levels 
relevant to the determination of environmental flows. 
2.1 National 
2.1.1 National water reform framework 
Water resource management is a state and territory responsibility. In 1994, in recognition of the 
national significance of sustainable water resource management, the Council of Australian 
Governments (COAG) initiated the National Water Reform Framework (Council of Australian 
Governemnts 1994). Based a set of key principles, the framework specifically aimed to provide  water 
for the environment, and it referred generally to ‘river systems’. Estuaries were not specifically 
mentioned . The major focus was on freshwater reaches of rivers (i.e. those of prime interest to the 
water resources industry) (Scheltinga et al. 2006). 
Since then, the water reform agenda has been modified and extended with the inclusion of ground 
water and stormwater management in 1996 and the Tripartite agreement in 1999. ARMCANZ and 
ANZECC (1996) formed the National Principles for the Provision of Water Ecosystems. In June 2004, 
COAG agreed on a National Water Initiative (NWI) and the establishment of the National Water 
Commission. 
The COAG agreement on a NWI (Council of Australian Governments 2004, p.1) recognised the need 
to: 
… ensure the health of river and groundwater systems by establishing clear pathways to return all systems to 
environmentally sustainable levels of extraction. 
Scheltinga et al. (2006) interpreted this to mean that the agreement ostensibly included the 
environmental flow needs of estuaries. The NWI includes a provision that the states and territories 
party to the agreement will, where necessary, modify their existing legislation and administrative 
regimes in order to achieve the outcomes of the agreement. This includes identifying the desired 
environmental and other public benefit outcomes with as much specificity as possible.  
The NWI also requires water planning initiatives to recognise that ( Council of Australian 
Governments 2004, p.7): 
… settling the trade-offs between competing outcomes for water systems will involve judgements informed by best 
available science, socio-economic analysis and community input. 
The methods for determining the ecological needs of rivers have advanced considerably in recent 
times, and strong science-based approaches are in widespread use (even if some of the flow–ecology 
relationships are tentative). However, there is little evidence in the literature of a parallel development 
of methods for deriving relationships between river regimes and the social, economic, and cultural 
costs and benefits. These methods will need to be developed if the trade-off process is to be 
integrated in a rigorous way.  
Scheltinga et al. (2006) recommended a research and development effort to improve knowledge of 
the influences of flow on the ecological functioning of estuaries. Scheltinga et al. (2006) were 
concerned that, until this knowledge was improved, it would be difficult to include estuaries in water 
planning arrangements in the way that freshwater systems are currently included. As a result, 
estuaries could simply end up with the residual flow after other entitlements and allocations have 
been determined. 
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2.1.2 National principles for the provision of water for ecosystems 
The National Principles for the Provision of Water for Ecosystems (the National Principles) 
(ARMCANZ and ANZECC 1996) were prepared to provide policy direction on how the specific issue 
of water for the environment should be dealt with in the context of general water allocation decisions. 
The National Principles are not a framework for water allocation, but they are an input to a much 
broader process that considers all users in the process of water allocation. 
Although estuaries are not specifically mentioned in the National Principles, there is a strong, re-
occurring reference to aquatic ecosystems and water dependent ecosystems, which are defined as 
also including estuaries.  
The National Principles are an appropriate first step towards including the needs of estuaries in 
determining environmental flows. The goal of the National Principles, ‘To sustain and where 
necessary restore ecological processes, habitats and biodiversity of water-dependent ecosystems’, 
provides some direction as to the level of environmental protection to be offered in allocating water for 
the environment. The objective is not to return all rivers to a pristine condition, but rather to ensure 
that the needs of the water dependent ecosystems are considered and catered for in water allocation 
decisions. In general, the aim is to protect and sustain current environmental values. The exception 
will be those cases where there is an agreement made among relevant parties to provide additional 
water for the restoration or enhancement of aquatic ecosystems. 
Since 1996, when the National Principles were published (ARMCANZ and ANZECC 1996), the COAG 
water reform agenda has been progressively implemented, and states and territories have been 
undertaking water allocation decisions and providing water for ecosystems in that process. During this 
period, a number of further issues relating to the provision of water for ecosystems have become 
apparent. As a result, the National Principles were revised in 2001 to provide further direction on 
these emerging issues (ARMCANZ and ANZECC 2001). The revised document remains in draft form.  
2.1.3 National Water Initiative 
The National Water Initiative (NWI)5
· clear and nationally-compatible characteristics for secure water access entitlements 
 seeks to achieve a nationally compatible market, regulatory and 
planning based system of managing surface and groundwater resources for rural and urban use that 
optimises economic, social and environmental outcomes. At the highest level, implementation of the 
NWI will achieve (National Water Commission 2007):  
· transparent, statutory-based water planning 
· statutory provision for environmental and other public benefit outcomes, and improved 
environmental management practices  
· completion of the return of all currently over-allocated or overused systems to environmentally-
sustainable levels of extraction 
· progressive removal of barriers to trade in water and meet other requirements to facilitate the 
broadening and deepening of the water market, with an open trading market to be in place 
· clarity around the assignment of risk arising from future changes in the availability of water for the 
consumptive pool 
· water accounting that is able to meet the information needs of different water systems in respect 
to planning, monitoring, trading, environmental management and on-farm management 
· policy settings that facilitate water use efficiency and innovation in urban and rural areas 
· addressing future adjustment issues that could impact on water users and communities  
· recognition of the connectivity between surface and groundwater resources and connected 
systems managed as a single resource. 
                                                 
5 For further information, see <http://www.nwc.gov.au/nwi/index.cfm>, accessed 20 June 2008. 
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The NWI, under the element of integrated management of water for environmental and other public 
benefit outcomes, seeks to identify within water resource planning frameworks the environmental and 
other public benefit outcomes sought for water systems, and to develop and implement management 
practices and institutional arrangements that will achieve those outcomes. 
A key achievement from the NWI has been the creation of the National Water Commission. 
2.1.4 National Water Commission 
The National Water Commission is an independent statutory body formed to facilitate implementation 
of the objectives of the NWI, through direct action, as well as through assistance given to state and 
territory governments, to achieve action in implementing the water reform agenda. 
A number of implementation reports that demonstrate progress on implementation of the NWI 
initiatives have been prepared for the various states. For example, the NSW report identifies that 
environmental flows are being catered for under the water sharing plans developed under the NSW 
Water Management Act 2000 (NSW Government 2006). More recently, the National Water 
Commission released a report that assesses how well water allocation planning is undertaken across 
the nation (Hamstead et al. 2008). The focus of the report was on water allocation planning, which at 
its core, is planning for the extraction of water (both quantity and timing) from rivers and aquifers for 
irrigation, towns and cities, rural stock and domestic and other purposes. It also includes the 
management of infrastructure such as dams and weirs used to store and manipulate flows to supply 
water for extraction.  
In its broader sense, water planning can apply to a range of matters such as flood risk, water quality, 
urban and rural water delivery systems and estuaries; however, these are not the focus of water 
planning under the NWI, though they are linked to it, and they are sometimes addressed in the same 
planning process. 
The report of Hamstead et al. (2008) presented an analysis of current practice and lessons learned in 
water planning based on a number of Australian case studies. It examined the processes used to 
develop the plans and the content of the plans themselves. The case studies were selected to be 
representative of the different approaches taken around Australia, and to cover a range of different 
issues, some of which include estuarine situations. The report is a broad sample of significant 
processes, approaches, scope and content. It was intended to initiate sharing of experiences between 
water planners in different jurisdictions. It was also intended to be a catalyst for further research and 
development of approaches and for improvement in water-planning practices nationally. 
The response of the National Water Commission to Hamstead et al. (2008) has been 
acknowledgement that effective water planning is fundamentally important to the NWI because it 
provides certainty about the terms of access for consumptive and environmental water users within an 
evidence based, participatory and transparent process. Water planning is fundamentally about 
dealing with the challenges of stressed water systems and determining how valuable water resources 
are to be shared between competing uses. 
The National Water Commission found that, although water planning has been taken on board, it has 
not always been of a high standard. The roll out of water plans has been slow, mainly because of the 
lack of science and socio-economic analysis underpinning the plans and the need for time for 
community consultation. 
The National Water Commission considers that there are some outstanding issues to be addressed 
with future water planning. These include the connectivity between surface and groundwater, the 
effects of climate change, and the impact of water intercepting activities like farm dams and forestry.   
The National Water Commission has identified the following set of priority actions to assist 
governments in meeting their commitments under the NWI with regards to water planning (Hamstead 
et al. 2008): 
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· achieve a shared understanding of sustainable levels of water extraction so that over allocation is 
both rectified and avoided in the future 
· improve our knowledge of groundwater-surface water connectivity, with significantly connected 
systems to be managed as one integrated resource 
· factor in the impacts of climate change and the effects of interception activities (e.g. farm dams, 
forestry) on future inflows and recharge 
· ensure that environmental outcomes are clearly specified, decisions are based on best available 
information, and environmental managers have adequate resources 
· increase inputs from socio-economic analyses and incorporate consultation to improve the quality 
of decisions and build community confidence in the fairness of outcomes 
· give higher priority to ensuring that the values and interests of Indigenous people are considered 
· be better integrated with regional natural resource management planning and urban water supply 
planning 
· provide adequate resources to develop and implement water plans, and evaluate their outcomes 
and 
· improve monitoring and compliance of water use. 
Although these priority actions are sound and appropriate, there is no mention of estuaries. Adequate 
and appropriate environmental flow allocation and protection for estuaries should be specifically 
included within these actions. 
2.1.5 Water for the Future 
In January 2007, the then–Prime Minister John Howard released a National Plan for Water Security 
(Commonwealth Government 2007). The plan was produced in response to drought and the prospect 
of long-term climate change. It was considered that Australia needed a change to water management 
practices. The proposal was for a $10 billion, ten-point plan to improve water efficiency and address 
overallocation of water in rural Australia. 
The plan included: 
· a nationwide investment in Australia’s irrigation infrastructure to line and pipe major delivery 
channels 
· a nationwide program to improve on-farm irrigation technology and metering 
· the sharing of water savings on a 50:50 basis between irrigators and the Commonwealth 
Government, which would lead to greater water security and increased environmental flows 
· the addressing once and for all of water overallocation in the Murray–Darling Basin 
· a new set of governance arrangements for the Murray–Darling Basin 
· a sustainable cap on surface and groundwater use in the Murray–Darling Basin 
· major engineering works at key sites in the Murray–Darling Basin, such as at the Barmah Choke 
and Menindee Lakes 
· expanding the role of the Bureau of Meteorology to provide the water data necessary for good 
decision making by governments and industry 
· a taskforce to explore future land and water development in northern Australia 
· completion of the restoration of the Great Artesian Basin. 
The National Plan for Water Security is a document of the former Australian Government. The current 
Australian Government's new national plan on water, Water for the Future (Wong 2008) incorporates 
elements of the earlier plan.  
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The new national plan on water, Water for the Future, was outlined by Wong (2008). The plan delivers 
the Government’s commitment to develop a single, coherent, national framework that integrates rural 
and urban water issues. Water for the Future is built on four key priorities: 
· taking action on climate change, 
· using water wisely, 
· securing water supplies; and 
· supporting healthy rivers (Wong 2008). 
Water for the Future will be driven by a ten-year, $12.9 billion investment in strategic water priorities; 
sound water governance and policy; and renewed purpose and commitment in water reform (Wong 
2008). To date, Water for the Future, like the National Plan for Water Security before it, has not 
specifically mentioned estuaries in terms of the environmental flows to be produced under its 
framework. This is not to say that estuaries are excluded, only that the broad term ‘rivers’ is used, 
which in the past has had the connotation of meaning the freshwater parts of systems. 
2.1.6. The Water Act 2007 and the Water Amendment Act 2008 
The Commonwealth Water Act 2007 (Commonwealth of Australia 2007) commenced on 3 March 
2008. The Act makes provision for the management of the water resources of the Murray-Darling 
Basin, and makes provision for other matters of national interest in relation to water and water 
information, and for related purposes.  
The Water Act implements key reforms for water management in Australia. It was amended by the 
Water Amendment Act 2008, which came into effect on 15 December 2008, and expanded on the 
reforms. The amendments are designed to give effect to the intergovernmental Agreement on Murray-
Darling Basin Reform, which was signed by the Prime Minister, and the Premiers of New South 
Wales, Victoria, Queensland and South Australia and the Chief Minister of the Australian Capital 
Territory at the 3 July 2008 Council of Australian Governments meeting.  
The Water Act establishes a Commonwealth Environmental Water Holder. This holder will manage 
the water entitlements that the Commonwealth acquires, in order to protect and restore environmental 
assets in the Basin. The first and second releases of water from the Commonwealth's environmental 
water holdings were used to water various freshwater wetland and floodplain environments in the 
Murray-Darling Basin (DEWHA 2009). 
Under The Water Act 2007, the definition of a watercourse specifically includes “an estuary through 
which water flows” and the definition of a water dependent ecosystem also includes an ecosystem 
associated with an estuary (Commonwealth of Australia 2007 p.18-19).  
2.1.7 The Commonwealth Coastal Policy (1995) 
The Commonwealth Coastal Policy (Commonwealth of Australia 1995) presented the 
Commonwealth's vision for a co-operative, integrated approach to coastal management. It provided 
both the means for the Commonwealth to manage its own coastal activities, and a range of initiatives 
whereby all Australian governments can work together to ensure best management of the coast. The 
Commonwealth Coastal Policy was the Commonwealth Government's response to the 1993 Final 
Report of the Resource Assessment Commission (RAC) Coastal Zone Inquiry (Resource Assessment 
Commission 1993). It was a blueprint to change the way coastal areas were managed and used. In 
developing the policy, the Commonwealth Government consulted extensively with groups and 
individuals who have an interest in the coast.  
The aim of the Commonwealth Coastal Policy was to promote ecologically sustainable use of 
Australia's coastal zone. Specific objectives provided the focus for Commonwealth activities in the 
coastal zone. These objectives were:  
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· sustainable resource use 
· resource conservation 
· public participation 
· knowledge and understanding 
· principles guide decision making that affects the coastal zone 
· improved coordination. 
The Commonwealth Coastal Policy covered shoreline, coastal waters and islands, estuaries and 
other tidal waters, coastal wetlands and the land immediately adjacent to these features. For the 
purpose of the actions of the Commonwealth Government, the boundaries of the coastal zone were 
considered to extend as far inland and as far seaward as necessary to achieve the coastal policy 
objectives, with a primary focus on the land–sea interface. This means that, although the coastal zone 
included terrestrial and marine areas, the initiatives in this policy were not developed to deal with all 
issues associated with catchment and marine management (Commonwealth of Australia 1995).  
2.1.8 National Cooperative Approach to Integrated Coastal Zone 
Management – Framework and Implementation Plan (2006) 
The National Cooperative Approach to Integrated Coastal Zone Management – Framework and 
Implementation Plan (Natural Resource Management Ministerial Council 2006) aims to build on 
efforts to implement the 1993 Final Report of the Resource Assessment Commission (RAC) Coastal 
Zone Inquiry (Resource Assessment Commission 1993).The framework and implementation plan 
seeks to maintain, restore or improve the quality of coastal zone ecosystems and the societies they 
support. It recognises the need for cooperation with state and territory governments. The framework 
contains six priority areas: 
· integration across the catchment-coast-ocean continuum  
· land and marine based sources of pollution 
· climate change 
· pest plants and animals 
· planning for population change 
· capacity building. 
While jurisdictions have different legislative and administrative frameworks for managing the coastal 
zone, adopting a national cooperative approach would address cross-border and sectoral issues, 
harmonise joint action towards management of common issues, and encourage investments from all 
jurisdictions.  
A subheading of Priority Area 1 ‘Integration Across the Catchment-Coast-Ocean Continuum’ is 
‘Freshwater Flows’. The objective is to: 
Support and encourage the processes investigating the impact of freshwater flows on coastal processes and 
habitats, and understand changes occurring to coastal resources due to changes in river flows. 
Three actions were identified as being required to achieve this objective. The first is to incorporate 
impacts of altered freshwater flows on estuaries into the COAG water reform process; the second is 
to develop and improve knowledge on the subject; and the third is to establish Natural Resource 
Management Ministerial Council endorsed guidelines on estuary flow management including artificial 
entrance management (Natural Resource Management Ministerial Council 2006, p.25). Thus, the 
Natural Resource Management Ministerial Council (2006) recognised the need to develop a set of 
guidelines on estuary flow management.6
                                                 
6 Implementation of the Framework for a National Cooperative Approach to Integrated Coastal Zone Management is 
managed through the Intergovernmental Coastal Advisory Group (ICAG), comprised of representatives from the 
 A key objective of this report is to address this need. 
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2.1.9 Other policies 
There is a range of other policies under the jurisdiction of the Commonwealth Government including 
the following: 
· National Water Quality Management Strategy 
· National Framework for Marine and Freshwater Quality Protection 
· National Strategy for Ecologically Sustainable Development 
· Council of Australian Governments (1994) Water Reform Framework  
· Australian and New Zealand Environment and Conservation Council (ANZECC) Guidelines for 
Fresh and Marine Water Quality 
· The National Land and Water Resources Audit—the Audit is relevant in terms of developing an 
assessment of a national estuaries audit and classifying estuaries according to geomorphic 
attributes and conditions ratings 
· Wetlands Policy of the Commonwealth Government of Australia, which is a policy that recognises 
changes to water flow patterns and water quality as a major threat to Australia’s wetlands. 
The above policies have relevance to the ecological health of estuaries, but do not directly influence 
the provision of environmental flows for estuaries. 
2.2 Queensland 
In Queensland, there is a suite of legislation that is relevant to protection of marine and coastal areas, 
including the: 
· Coastal Protection and Management Act 1995 (see below) 
· Environmental Protection Act 1994 and associated policies (see below) 
· Water Act 2000 (see below) 
· Marine Parks Act 2004, which seeks to protect and conserve marine resources through 
designation of protected areas  
· Fisheries Act 1994, which seeks to facilitate sustainable fisheries through protected areas 
designation 
· Wild Rivers Act 2005 (see below). 
There is no single agency in Queensland that is solely responsible for coastal and marine regulation. 
However, a statutory body—the Coastal Protection Advisory Council—has been established under 
the Coastal Protection and Management Act 1995 in order to advise the Minister on coastal 
management issues. 
The legislative and policy framework relating to environmental flows in Queensland is primarily 
governed by the Water Act 2000 (QLD Government 2000a). The management of estuaries is 
provided for (mainly) under the Coastal Protection and Management Act 1995 and the State Coastal 
Management Plan. 
2.2.1 Water Act 2000 
The Water Act 2000 is the principal legislation for managing and protecting environmental flows (QLD 
Government 2000a). It states that decisions about the allocation and management of water must 
comply with the environmental flow objectives in a water resource plan. The Act is administered by 
the Department of Natural Resources and Water. Section 35 of the Act under water planning requires 
the Minister for Natural Resources and Water to plan for the allocation and sustainable management 
                                                                                                                                                        
Commonwealth Government, each state government, the Northern Territory Government and the Australian Local 
Government Association (ALGA).  
NATIONAL WATER COMMISSION — WATERLINES           11 
of water to meet Queensland’s future water requirements, including for example, for the protection of 
natural ecosystems and security of supply to water users. 
The Act seeks to advance sustainable management and efficient use of water and other resources by 
establishing a system for the planning, allocation and use of water. The reference to sustainable 
management includes protecting the biological diversity and health of natural ecosystems. Although 
the legislation does not specifically make reference to estuaries, the reference to protecting the 
diversity and health of natural ecosystems could, by inference, include estuaries. Nevertheless, 
irrespective of the lack of direct reference to estuaries in the Act, they can be covered by water 
resource plans, that are provided for under Sections 38 to 52 of the Act. 
Scheltinga et al. (2006) summarised the situation as follows: 
Water allocation is dealt with principally under the Water Act 2000. Under the Act, a Water Resource Plan (WRP) 
can be created as subordinate legislation to provide a framework for allocating and managing surface and 
groundwater in an ecologically sustainable manner and stays in effect for ten years. The definition of a waterway or 
‘watercourse’ under the Act explicitly excludes estuaries unless they are specifically included in regulations. 
2.2.2 Water resource plans 
Water resource plans are prepared under the Water Act 2000 to advance the sustainable 
management of water and allow for this outcome to be achieved on a regional catchment basis. 
Already, a large number of water resource plans have been prepared and enacted as subordinate 
legislation under the Water Act 2000 for various regions in Queensland. 
Water resource plans can specify objectives for environmental flows, including the requirements of 
estuaries. However, the inclusion of estuaries and the setting of any environmental flow objectives for 
them is dependant on the scope established for each water resource plan. There is no direct 
compulsion to do so under the Water Act 2000. During development of a water resource plan, the 
department engages expert scientists from a range of backgrounds (including ecology, hydrogeology, 
geomorphology and hydrology) to form a technical advisory panel, which provides advice to the 
department regarding ecological assets, including those of any flow-dependent estuaries located in 
the plan area. The technical advisory panel also identifies the types of flows that are critical for the 
assets, and the risks to assets associated with a range of different water allocation and management 
scenarios. Using this information, the department considers the appropriate water allocation and 
management scenario on which to base the water resource plan, and sets environmental flow 
objectives.  
During the life of a water resource plan, the Environmental Flows Assessment Program (EFAP) 
gathers further information on ecological assets (including those of estuaries) and their critical links to 
flow. Through time, this program improves the scientific information available to the department for 
assessing the effectiveness of water resource plans and preparing replacement water resource plans 
at the end of their ten-year life. 
The water resource plan provides a framework for establishing environmental flows, water allocations, 
prioritising future water needs and specifying actions to reverse degraded and stressed natural 
ecosystems.  
Scheltinga et al. (2006) noted an early example of a water resource plan with the Water Resource 
(Barron) Plan 2002: 
The plan for the Barron River (Water Resources (Barron) Plan 2002 (Qld)) provides that water is to be allocated and 
managed inter alia ‘to: 
– provide wet season flow to benefit native plants and animals in estuaries; and 
–maintain long term water quality suitable for riverine and estuarine and monitoring the condition of estuarine’ 
(section 12). 
Specific provisions require that the flow regime maintain the abiotic elements of the estuary (section 14) and 
estuarine habitats be included in monitoring programs (section 58). Most importantly, the estuary is included as a 
‘node’ for which specific flow objectives are defined (Schedule 5). The plan was developed through extensive 
community consultation and recognises the value placed on the estuary of the river and its links to the waters of the 
12           NATIONAL WATER COMMISSION — WATERLINES 
Great Barrier Reef. The general process for flow allocations to estuaries has been criticised for being overly 
qualitative and using little data (Gippel 2001). 
However, a much wider range of estuarine issues have been considered in later Water Resource Plans. 
An example of a later water resource plan covering estuaries is the Water Resource (Moreton) Plan 
2007 (QLD Government 2007). This plan covers the catchment area of a number of rivers discharging 
into Moreton Bay in South East Queensland, including the Brisbane River. The plan provides for 
some general outcomes, which for estuaries includes achieving ecological outcomes that are 
consistent with supporting natural ecosystems by minimising changes to natural flow regimes and 
importantly linking in with the South East Queensland Regional Plan 2005–2026 (Queensland 
Government 2005). The plan also contains some ecological outcomes that are specific to estuaries, 
including minimising changes to brackish water habitats, and, for Moreton Bay and Pumicestone 
Channel, to minimise changes to the natural movement and delivery of sediment, and the delivery of 
fresh water, natural nutrients and organic matter. The above types of specific outcomes specified 
under a water resource plan reflect the findings of the technical advisory panel or EFAP work, and 
they are the intended outcomes of the water resource plan. 
In the preparation of a water resource plan, water allocation scenarios or options may be developed 
to help determine the best way of meeting future water needs. An overview report, which explains a 
draft water resource plan’s contents, including the technical assessments and consultation process, is 
released with a draft water resource plan. 
On release of a draft water resource plan, a public review phase begins. It allows the community to 
consider the information contained in a draft water resource plan and, through submissions, inform 
the Minister for Natural Resources and Water of matters requiring further attention. Once approved by 
the Governor in Council, a water resource plan becomes subordinate legislation to the Water Act 
2000. Implementation occurs principally through development of a resource operations plan, through 
which the day-to-day rules for taking water and operating water infrastructure can be established. As 
subordinate legislation, a water resource plan has a ten-year life (Department of Natural Resources 
and Water 2007). 
2.2.3 Wild Rivers Act 2005 
The purpose of the Wild Rivers Act 2005 is to preserve the natural values of rivers that have all, or 
almost all, of their natural values intact (Department of Natural Resources, Mines and Water 2006). 
Generally, rivers with high natural values will often have high value environmental assets, although 
exceptions to this do occur. The Wild Rivers Act 2005 is useful in that ‘natural values’ could include, 
by interpretation, natural (relatively unaltered) hydrological regimes.  
2.2.4 Additional policy for environmental flows 
Peirson et al. (2002) identified the following additional policies with some relationship to 
environmental flows for estuaries: 
Queensland has a State Interest Planning Policy for Queensland Waters (Queensland Environmental Protection 
Agency 2000b).7
The aim of the policy is ‘To protect or enhance environmental values and valuable features of Queensland’s waters 
to ensure the ecological sustainability of waters in the local government area within a catchment context’. The policy 
objectives are to ‘identify in planning schemes the environmental values and valuable features of Queensland’s 
waters within a catchment context in and adjacent to the local government area’, and ‘to protect the environmental 
values of Queensland’s waters through setting of agreed objectives and assessment provisions in planning 
schemes’. The Policy is guided by several national strategies and Intergovernmental Agreements, namely: 
– National Strategy for Ecologically Sustainable Development; 
– Intergovernmental Agreement on the Environment; 
– National Principles for the Provision of Water for Ecosystems; 
 The Environmental Protection Agency State interest in Queensland incorporates water quality, 
water quantity (environmental flows), and water use, for streams, wetlands and groundwater systems. 
                                                 
7 In Peirson et al. (2002) this reference was given as: Queensland Environmental Protection Agency 2000. State 
Interest Planning Policies, <http://www.env.qld.gov.au/cgi-bin/w3-msql/environment/environment/conservation/>.  
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– National Water Quality Management Strategy; 
– National Strategy for the Conservation of Australia’s Biological Diversity; and 
– Convention on Wetlands of International Importance (Ramsar Convention). 
Queensland also has an Environmental Protection (Water) Policy (1997), which covers: 
– biological integrity (maintaining the water quality so the plants and animals living in the waterway can survive) 
– suitability for recreational use; 
– suitability for drinking after minimal treatment; 
– suitability for agricultural use; and 
– suitability for industrial use. 
The State Interest Planning Policy for Queensland Waters (SIPP – Queensland Waters) is derived 
from the Environmental Protection Act 1994, the Environmental Protection (Water) Policy and the 
Coastal Protection and Management Act 1995 (QLD Government 2000b). The SIPP provides 
direction for planning schemes and is intimately linked with the land use and development system in 
Queensland. 
Likewise, the Environmental Protection (Water) Policy 1997 (QLD Government 1997) is derived from 
the Environment Protection Act 1994. The focus of this policy is on water quality rather than water 
quantity specifically. However, because the policy seeks to maintain the biological quality of 
ecosystems, it provides an important link to water quality and the quantity needed to ensure 
ecosystem health is maintained. Its role is as a supportive policy for protecting aquatic ecosystems 
including estuarine systems. 
2.2.5 State Coastal Management Plan 
The State Coastal Management Plan (QLD Government 2002) is derived from the Coastal Protection 
and Management Act 1995 and it covers coastal areas including estuarine environments. The plan is 
administered by the Minister for Sustainability, Climate Change and Innovation through the 
Environmental Protection Agency. It considers coastal management outcomes, principles and policies 
that seek to protect the coastal resources and their values, and management of the pressures upon 
the resources. It has the effect of a state planning policy under the Integrated Planning Act 1997 . It is 
therefore a matter of state interest: it is required to be incorporated into planning schemes and 
considered in making land use and development decisions affecting the coast and estuarine 
environment. 
Section 2.1.12 of the State Coastal Management Plan relates to ‘Managing Water Resources’. It 
recognises that (QLD Government 2002): 
While the provision of water resources is recognised as essential for the maintenance of the state’s economic and 
social wellbeing, the extraction of water from watercourses and groundwater in the coastal zone (all rivers that flow 
into Queensland tidal waters) can have adverse impacts on coastal resources and their values. 
Environmental flows in river systems, where identified, are provided to meet a broad range of objectives. 
In the context of coastal processes, these flow requirements will be different in different parts of the coast as they 
depend on the particular water needs of different processes and ecosystems. Adequate freshwater inflows are 
important to the physical and ecological processes of the coast. 
The Water Act 2000 provides the basis for water allocation and management planning including the provision of 
environmental flows where appropriate. Approvals under this Act are required to consider coastal plans. 
The policy relating to environmental flows for the coastal and estuarine systems states that (QLD 
Government 2002): 
Water resources are a valuable state resource and uses of water are managed to minimise adverse impacts on 
coastal processes and coastal ecosystems.  
In developing water allocation policy in the coastal zone, consideration should be given to the risks of dewatering 
acid sulfate soils and unsustainable ingress of saline waters into freshwater aquifers. 
In developing water resource plans, consideration must be given to: 
– flow requirements associated with coastal processes and coastal ecosystems, consistent with the ANZECC 
ARMCANZ National Principles for the Provision of Water for the Ecosystems; and 
– the environmental values relevant to coastal resources, as set out under the Environmental Protection (Water) 
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Policy 1997 (the EPP (Water)) or, if these values have been modified under a regional coastal plan, the 
environmental values set out under that regional coastal plan. 
In developing water infrastructure proposals, regard must be had to the requirements of coastal processes and 
coastal ecosystems in the planning and design of alternatives. 
In determining environmental flows, the nature of the coastal processes and coastal ecosystem requirements are to 
be taken into account as changes in the size and frequency of flows can have significant impacts on coastal 
resources and their values. 
In assessing an application for an authorisation to take water from a watercourse or to construct infrastructure that 
will interfere with the flow of water in the watercourse (for example, dams, weirs and tidal barrages), regard must be 
had to the effects of the proposal on coastal ecosystems and coastal processes.  
The Environment Protection Authority is currently undertaking a review of the State Coastal 
Management Plan. Part of this review will include an evaluation of how well estuary environmental 
flows are provided for in current water resource plans, as well as the effectiveness of current 
legislative provisions for estuary environmental flows. At the time of writing this report, the 
Environment Protection Authority was intending to release a tender for research into the cumulative 
impacts of water resource development in South East Queensland on Moreton Bay. Outcomes of the 
study will include recommendations on improved environmental flows and monitoring arrangements 
for estuaries (Sean Hoobin, Environmental Protection Agency 2008, pers. comm.).  
2.2.6 SEQ Regional Plan and SEQ Regional Coastal Plan 
The implementation of the State Coastal Management Plan is devolved into a number of regional 
coastal plans. An example is the South-east Queensland Regional Coastal Management Plan 
(QLD Government 2006) and its cross-links with the South East Queensland Regional Plan 2005–
2026 (QLD Government 2005). 
Both plans address environmental flows for coastal ecosystems, including estuaries. The South East 
Regional Coastal Management Plan addresses environmental flows for the coastal zone including 
estuaries principally through a cross reference to the State Coastal Management Plan in compliance 
with the state policy position on this issue. 
The South-east Queensland Regional Coastal Management Plan also makes cross-reference to 
Section 11 of the South East Queensland Regional Plan 2005–2026, which specifies the outcome 
that water is managed on a sustainable and integrated basis to provide adequate supplies for human 
and environmental uses. 
A key policy of the plan is that planning for water is based on the principles of total water cycle 
management, of which the key principles include: 
· considering all water sources, including wastewater and stormwater 
· using all water sources sustainably 
· allocating and using water equitably 
· integrating water use and natural water processes, including maintaining environmental flows and 
water quality (QLD Government 2005). 
The Queensland Government has prepared, and is preparing, water resource plans across the state 
to determine bulk water allocations between various water uses, including environmental flows. Plans 
have been and are being prepared for the Logan, Mary and Moreton basins and for the Gold Coast 
area. As such, the Queensland government recognises the need for appropriate environmental flows 
through both legislation and policy at a state and regional level. 
2.3 New South Wales 
The legislative and policy framework in New South Wales (NSW) relevant to determining 
environmental flow requirements and how they relate to estuaries is split into two areas. 
Environmental flows are governed under the Water Management Act 2000 (NSW Government 2000), 
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which is administered by the Minister for Water with concurrence sought from the Minister for 
Environment and Climate Change through the Department of Water and Energy. The legislative and 
policy framework governing the determination of environmental flows is focused on water allocations 
in a general sense, covering freshwater and including estuaries where necessary. In other words, the 
legislation and policy framework does not specifically focus on estuaries as a single management 
entity. 
The management of estuaries in NSW is separately administered under a policy framework 
established through the Estuary Management Policy and the NSW Coastal Policy 1997, and 
supported by the Coastal Protection Act 1979 and Fisheries Management Act 1994 with respect to 
the protection of marine plants such as mangroves and seagrasses. Other policies with some 
relationship to the management of estuaries also include: 
· The State Rivers and Estuaries Policy 
· The State Wetlands Policy  
· The State Environmental Planning Policy No 14 – Coastal Wetlands. 
The Estuary Management Policy has been operating since 1992, and it establishes a system of 
developing estuary management plans. These plans can consider environmental flow issues as they 
relate to an estuary, but are limited in influencing implementation as they have no statutory basis. 
Consequently, while the plans have mentioned the need or desire for appropriate environmental flows 
to be provided to support or maintain estuary ecosystem function, few have focused on environmental 
flows in any detail.  
The process of determining and setting environmental flows is authorised under the Water 
Management Act 2000 through the development of individual water sharing plans. It is through this 
mechanism that environmental flows to estuaries are administered. 
The Water Management Act 2000 requires inclusion of the principles of ecological sustainable 
development and the protection, enhancement and restoration of water sources, their associated 
ecosystems, ecological processes and biological diversity and their water quality. Prior to the Water 
Management Act 2000, water governance was through the Water Act 1912, which did not have clear 
objectives, and its application in estuaries was patchy and debatable. 
The water sharing plans are being developed as part of the macro water sharing planning process. 
The macro plans will allow the licensing of all extraction down to the mangrove limit or the mouth of 
the river, depending on the estuary system. Extraction beyond that limit will be covered by a separate 
water sharing plan that covers the whole coast. The rules include any flow requirements, either as a 
cease-to-pump limit on upstream users on the unregulated sections, or a requirement to provide a 
flow at a certain location on the regulated section (planned environmental requirements) (Eddie 
Harris, Department of Water and Energy 2008, pers. comm.). 
2.3.1 Water Management Act 2000 
The Water Management Act 2000 aims to provide for the sustainable and integrated management of 
the state’s water sources for the benefit of both present and future generations. The Act seeks to 
provide for the orderly, efficient and equitable sharing of water and to integrate the management of 
water sources with the management of other aspects of the environment, including soil, native flora 
and native fauna, 
Like most water management frameworks, there is no specific emphasis on provision of water for the 
environmental benefit of estuaries, primarily because the legislation addresses a range of water uses 
and users with a consequent need to deal with the management of water allocation for both 
freshwater and estuaries. The above is best reflected in those water management principles relevant 
to environmental flows set out in Section 5 of the Act (NSW Government 2000). These state that in 
general terms: 
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· water sources, floodplains and dependent ecosystems (including groundwater and wetlands) 
should be protected and restored and, where possible, land should not be degraded 
· habitats, animals and plants that benefit from water or are potentially affected by managed 
activities should be protected and (in the case of habitats) restored 
· the water quality of all water sources should be protected and, wherever possible, enhanced  
· the cumulative impacts of water management licences and approvals and other activities on 
water sources and their dependent ecosystems, should be considered and minimised 
· geographical and other features of Indigenous significance should be protected 
· geographical and other features of major cultural, heritage or spiritual significance should be 
protected 
· the social and economic benefits to the community should be maximised 
· the principles of adaptive management should be applied in a way that is responsive to 
monitoring and improvements in understanding of ecological water requirements. 
In relation to water sharing, the principles state that: 
· sharing of water from a water source must protect the water source and its dependent 
ecosystems 
· sharing of water from a water source must protect basic landholder rights. 
In relation to water use, the principles state that: 
· water use should avoid or minimise land degradation, including soil erosion, compaction, 
geomorphic instability, contamination, acidity, waterlogging, decline of native vegetation or, where 
appropriate, salinity, and where possible, land should be rehabilitated 
· water use should be consistent with the maintenance of productivity of land in the long term and 
should maximise the social and economic benefits to the community 
· the impacts of water use on other water users should be avoided or minimised.  
The Act also provides for the establishment of the State Water Management Outcomes Plan 
(SWMOP), which sets out the over-arching policy context, targets and strategic outcomes for the 
development, conservation, management and control of the state’s water sources. The SWMOP 
promotes the objects of the Water Management Act 2000 and its water management principles. It 
explicitly provides for the protection and enhancement of the environmental services provided by 
aquatic ecosystems, while delivering a stronger and clearer framework for the use of water to meet 
human needs, including more secure access licences. It details the NSW Government’s commitment 
to effectively manage the important linkages between environment, human health, prosperous 
communities and profitable industries. 
The Act also aims to implement its policy foundation through the development of water sharing plans, 
which will be outlined below. 
2.3.2 State Water Management Outcomes Plan 
The State Water Management Outcomes Plan (SWMOP) (NSW Government 2002) provides clear 
direction for all water management in NSW including (but not limited to) the creation of management 
plans addressing: 
· water sharing 
· water use 
· drainage management 
· floodplain management 
· controlled activities and aquifer interference 
· environmental protection. 
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In particular, it seeks to ensure that the NSW Government’s Interim (Water Quality and River Flow) 
Environmental Objectives for NSW waters are explicitly addressed in future water resource 
management and action.  
In 1999, as part of its water reform package, the NSW Government developed interim environmental 
objectives for water quality and river flow for each catchment in NSW. The interim environmental 
objectives identify the broad goals to achieve long-term river health, maintain biodiversity and secure 
sustainable water sources for communities and industries that depend on water of a certain quality. 
Water quality objectives are based on measurable environmental values that provide the appropriate 
water quality for environmental and human-related needs. River flow objectives aim to improve and 
maintain river health by recognising the importance of natural river flow patterns in managing the 
riverine water sources. 
The interim environmental objectives are designed to support a range of values identified by the 
community(see Table 1): 
Table 1: Water quality and river flow objectives 
Water Quality Objectives (WQOs) River Flow Objectives (RFOs) 
WQO 1 Aquatic ecosystems 
WQO 2 Visual amenity 
WQO 3 Secondary contact recreation 
WQO 4 Primary contact recreation 
WQO 5 Livestock water supply 
WQO 6 Irrigation water supply 
WQO 7 Homestead water supply 
WQO 8 Drinking water at point of supply—Disinfection only 
WQO 9 Drinking water at point of supply—Clarification and 
disinfection 
WQO 10 Drinking water at point of supply—Groundwater 
WQO 11 Aquatic foods (cooked) 
RFO 1 Protect pools in dry times 
RFO 2 Protect natural low flows 
RFO 3 Protect important rises in water levels 
RFO 4 Maintain wetland and floodplain inundation 
RFO 5 Mimic natural drying in temporary waterways 
RFO 6 Maintain natural flow variability 
RFO 7 Maintain natural rates of change in water levels 
RFO 8 Manage groundwater for ecosystems 
RFO 9 Minimise effects of weirs and other structures 
RFO 10 Minimise effects of dams on water quality 
RFO 11 Make water available for unforeseen events 
RFO 12 Maintain or rehabilitate estuarine processes 
and habitats 
 
The Water Management Act 2000 requires the SWMOP to be consistent with these objectives, and it 
states that all management plans developed under the Act should be consistent with government 
policy in relation to environmental objectives for water quality and river flow. 
Importantly, RFO 12 relates specifically to estuaries—it specifies not changing the tidal flow 
characteristics, salinity conditions or water levels. Upstream river processes are also important, for 
example scouring as a result of flooding leading to the opening or closing of river mouths, and 
reduced occurrences of fresh events leading to severely depleted food sources for estuarine plant 
and animal species or communities. Draining of acid sulfate soils is also covered by RFO 12. The 
river flow objective brings these ecosystems into focus for consideration in developing water 
allocations and environmental flows including water sharing plans. 
The SWMOP is to be reviewed every five years to enable adaptive management to be incorporated 
as new knowledge becomes available in relation to water management; this includes determining 
environmental flows. Importantly, the SWMOP specifies outcomes and targets that cover regulated 
river, unregulated river, groundwater, estuarine and coastal water sources. They are consistent with 
the objects and provisions of the Act.  
Management plans developed under the Water Management Act 2000 should provide for the 
monitoring of performance of relevant local management targets and this information will be collated 
and reviewed to assess performance against the SWMOP targets. Several programs are already in 
place to monitor the physical, chemical and biological status and response of aquatic systems (e.g. 
Integrated Monitoring of Environmental Flow (IMEF), fish, wetlands and waterbird surveys). 
The SWMOP outlines long-term outcomes some of which relate to estuaries including: 
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· primary ecological production are maintained or improved, including: 
– carbon cycling 
– production to respiration ratios 
– carbon and food fluxes between rivers and floodplains, estuaries and coastal waters 
· degraded wetlands are improved and those listed as wetlands of national or international 
significance are protected and restored. 
· The diversity and abundance of native aquatic animals and plants is protected and restored by 
addressing the cumulative impacts of water management on their habitats and life cycles. The 
status of aquatic communities is to be informed through but not limited to: 
– the abundance and diversity of invertebrate populations 
– native fish populations within their native range increased and the ratio of alien to 
native fish species  
– colonial waterbird breeding opportunities 
– estuarine prawn populations 
– the status of threatened species populations and ecological communities. 
Short-term (five-year) management targets specified under the SWMOP that relate to estuaries 
include, for example, Target 27, which relates to the frequency of artificial manipulations of coastal 
lagoon entrances, and management strategies to improve natural hydrodynamics. This target, which 
relates specifically to RFO 12 (see above), is concerned with maintaining natural salinity regimes of 
coastal lagoons and improving the patterns of water inundation in coastal wetlands. The target seeks 
for primary ecological production to be maintained or improved, the condition of degraded wetlands to 
be improved, significant wetlands to be protected and restored, and for the diversity and abundance 
of native aquatic animals and plants to be protected and restored (NSW Government 2002). 
2.3.3 Water sharing plans 
The Water Management Act 2000 also provides for the preparation of water sharing plans. These are 
the planning tool through which the objectives and water management principles of the Act, the water 
quality and river flow objectives, and outcomes established under the SWMOP are determined and 
implemented. 
Water sharing plans are required to reserve water for the overall health of the rivers and aquifers. This 
is to protect specific ecosystems that depend on river flows and alluvial groundwater levels, such as 
instream aquatic ecosystems, wetlands, lakes, estuaries, floodplains and groundwater dependent 
ecosystems. The share of water reserved for the environment is intended to sustain the aquatic fauna 
and flora (Department of Water and Energy 2007). 
Water sharing plans are a specific type of management plan that can be prepared under the Act. 
Water sharing plans are designed to establish (Gippel 2002): 
· environmental water rules 
· requirements for basic landholder rights 
· requirements for water extraction under access licences 
· bulk access regime for extraction licences. 
Water sharing plans establish environmental water rules for an area or subcatchment. In NSW, 
‘environmental water’ comprises the following: 
· water that is committed by management plans for fundamental ecosystem health or other 
specified environmental purposes, either generally or at specified times or in specified 
circumstances, and that cannot to the extent committed be taken or used for any other purpose 
(‘planned environmental water’)  
NATIONAL WATER COMMISSION — WATERLINES           19 
· water that is committed by the conditions of access licences for specified environmental 
purposes, either generally or at specified times or in specified circumstances (‘adaptive 
environmental water’).  
A management plan must contain provisions for the identification, establishment and maintenance of 
planned environmental water (‘environmental water rules’). The environmental water rules relating to 
a water source do not need to specify that a minimum quantity of water is required to be present in 
the water source at all times.   
The management plan can address estuary issues as part of a larger, more integrated approach to 
water allocation set on either a catchment basis or multiple catchment basis, often referred to as a 
‘macro plan’ scale. Macro water sharing plans relate more to unregulated catchment river systems, 
often covering multiple river systems and catchment basins, and often including estuarine sections of 
these systems, whereas many earlier water sharing plans focused on individual regulated river 
systems.  
Earlier water sharing plans developed in the early 2000s tended to focus very little if at all on 
estuaries. A major exception to this is the Water Sharing Plan for the Hunter Regulated River Water 
Source 2003, where provision of water to the estuary was a key consideration. 
Water sharing plans that have had a significant impact on the estuary include those developed for 
Coopers Creek in the Richmond, and the Upper Brunswick River. Other water sharing plans that 
covered rivers with estuarine sections, but which did not address the estuarine segments specifically, 
include the Ourimbah Creek (Department of Infrastructure, Planning and Natural Resources 2004a) 
and Karuah River water sharing plans (Department of Infrastructure, Planning and Natural Resources 
2004b).  
As part of the macro planning approach, the adequacy of the river environmental flows for estuaries is 
being assessed. The detailed investigation of the Wyong River, underway at the time of writing this 
report, will also inform the adequacy of the rules in the Ourimbah Creek. Any changes to these earlier 
plans will be part of their ten-year review that needs to be completed by 2014. 
In 2004 the Water Management Act 2000 was amended in response to national directions in water 
reform. Since then there has been greater recognition of estuaries in water sharing plans and, in 
particular, through the development of macro water sharing plans. Macro water sharing plans form 
draft rules for water allocation and consider a range of issues, including the sensitivity of estuaries to 
the removal of fresh water.  
For example, the Draft Lower North Coast Water Sharing Plan (Department of Water and Energy 
2007) includes recognition of issues relating to the provision of environmental flows to estuaries: 
Freshwater inflow impacts on the functioning of an estuarine ecosystem to different extents. The Manning River 
estuary has medium sensitivity to inflows (large catchment area provides freshwater flushing, however, saline 
gradient may move upstream with low flow extractions in upper catchments). The Wallis Lake coastal lagoons have 
a low sensitivity to inflows (saline lagoon areas), the Myall Lakes have a high inflow sensitivity (freshwater/brackish 
water lake) and the intermittently opening estuaries such as Khappinghat and Smiths Lakes are also highly sensitive 
to inflows. The reduction of freshwater inflows to estuaries due to upstream water allocation may increase upstream 
saline intrusion, cause hyper-salinity, reduce nutrient and organic inputs required for primary production, change 
biological structure and function, and alter the physical features of the estuary mouth. 
Determining environmental flows for estuarine environments can be challenging because of the 
complexities with estuaries estuaries—these relate to tidal influence, salinity regimes and unique 
biological assemblages. The size and shape of estuaries vary and this, combined with the amount of 
freshwater inputs, determines the estuaries overall sensitivity to freshwater extraction. Where 
possible, extractions will be tightly capped in catchments found to be highly sensitive to freshwater 
inflows (Department of Water and Energy 2007).  
The NSW Natural Resource Commission has developed statewide standards to be met by the 
development of water sharing plans. The statewide standard relevant to estuaries states that, by 
2015, there will be an improvement in the condition of estuaries and coastal lake ecosystems. In the 
example of the Draft Lower North Coast Water Sharing Plan, the statewide standard will be met by 
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rules to be developed for tidal pool areas based on the environmental requirements of estuaries and 
flow rules introduced to protect first flush to estuaries (Department of Water and Energy 2007). 
2.3.4 Coastal Protection Act 1979 
The Coastal Protection Act 1979 provides the legislative basis for the protection of the coastal 
environment, including estuaries, and seeks to protect, enhance, maintain and restore the 
environment of the coastal region, its associated ecosystems, ecological processes and biological 
diversity, and its water quality. The Act promotes the ecological sustainable use of resources, with the 
input of the community, and it also promotes recognition of the economic and social values of the 
coastal zone, which includes, by definition, estuaries.  
The Act establishes the ability for government to prepare coastal management plans and acquire land 
for coastal protection. Although the Act was principally drafted to offer protection from coastal 
processes such as erosion, it has been broadened over the years to encompass estuaries and other 
coastal environments. It offers support for the 1997 NSW Coastal Policy as well as the Coastal 
Protection State Environmental Planning Policy No. 71 (SEPP 71), which governs land use and 
development matters on the coast and estuaries. 
2.3.5 NSW Coastal Policy 
The NSW Coastal Policy was released in 1997 and seeks to establish objectives and strategies for 
the coastal zone including estuaries. 
In relation to environmental flows, the policy seeks to maintain or improve water quality in coastal and 
estuarine water and coastal rivers (Objective 1.3). This is supported in part by Strategic Action 1.3.7, 
which requires that the highest possible quality of coastal waters be achieved by establishing water 
quality and environmental flow objectives for coastal rivers and implementing through catchment 
plans (NSW Government 1997). 
The management of estuaries is guided by Objective 1.4, which seeks to manage the coastline and 
estuarine environments in the public interest to ensure their health and vitality. This is supported by 
Strategic Action 1.4.3, which requires that detailed management plans for the coastline and estuaries, 
as provided for in the Coastline Management Manual (NSW Government 1992) and the Estuary 
Management Manual, will continue to be prepared and implemented (NSW Government 1997). 
Although, the NSW Coastal Policy is somewhat dated, it remains relevant in terms of providing an 
overarching government policy supporting estuary management in NSW. The policy requires that 
NSW State Government agencies and local councils take account of it in the preparation of their own 
policies and programs. 
2.3.6 NSW Estuary Management Policy 
The 1992 NSW Estuary Management Policy was prepared in recognition of the importance of the 
state’s estuaries from both an environmental but also economic and social perspective. It establishes 
a structured process for preparing estuary management plans involving the establishment of an 
estuary management committee that oversees the process of plan development.  
The estuary management committee is usually administered by the relevant local council and 
comprises membership from state government agencies, local council and the local community. The 
steps involved in developing an estuary management plan involve (NSW Government 1992): 
· collection of existing data, which involves collating existing information about the estuary 
· preparation of an estuary processes study, which describes the physical, abiotic and biotic 
components of the estuary and its processes 
· preparation of an estuary management study which canvasses options for management actions 
for public consultation 
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· preparation of an estuary management plan which selects identified actions for implementation 
subject to public consultation 
· review following public consultation 
· adoption and implementation 
· adaptive management, where the actions implemented are monitored and reviewed and the plan 
reviewed if necessary.  
The NSW Estuary Management Policy is supported by the Estuary Management Manual (NSW 
Government 1992), which contains detailed chapters relating to the physical, chemical and biological 
features and processes associated with estuaries in NSW. The manual includes references to water 
quality, administration of estuaries and importantly recognises the link with catchment management.  
The Estuary Management Manual discusses environmental flows only indirectly, by reference to 
water quality, water hydraulics, and tidal movement patterns and processes. This is partly a reflection 
of the age of the policy and manual. The NSW Government has been working towards reviewing the 
Coastline and Estuary management manuals to combine and update them. It is unknown whether the 
combined management manual for the NSW coastal zone will be released. 
The estuary management process in NSW has, to date, concentrated on management actions that 
relate to the immediate estuary environment, including development matters, foreshores, estuary 
entrance management (particularly for coastal lagoons), wetlands, shoreline erosion, and sediment 
and nutrient issues. Environmental flows and water quantity issues have rarely featured in estuary 
management plans developed to date.  
Coad et al. (2007) identified a number of problems with the process of development of estuary 
management plans in NSW, including: 
· issues being considered in isolation rather than on a ‘whole of estuary’ approach 
· limited resources not being used to maximum effect 
· highly sectorial management systems with inherent rigidity resulting in gaps in responsibilities and 
no management 
· insufficient coordination between and within organisations leading to inconsistencies in 
management regimes and outcomes 
· failure to understand complex estuarine dynamics 
· inability to effectively identify impacts from upstream development or cumulative impacts and 
advocate for remedial action 
· duplication of effort and expenditure by organisations sharing responsibility for the same issue 
· an inability to identify funding within organisations that support work on estuary wide issues.  
The focus of estuary management in NSW on the immediate vicinity of the estuary proper does not 
lend itself towards encompassing environmental flows issues, which usually relate to freshwater 
sections of the catchment. The estuary management program does not focus on environmental flows 
or water quantity matters that derive from those parts of the catchment lying outside of the immediate 
definition of the estuary bounds.8
                                                 
8 The NSW Government broadly describes and estuary as a semi-enclosed coastal water body where saltwater from 
the open sea mixes with freshwater draining from the land or where marine and fluvial sediments occur together. It 
includes shallow coastal waters in straits or enclosed bays adjacent to the mouth of the estuary to six metres below 
lowest astronomical tide, which is held to be the effective limit of freshwater mixing and coincides with the seaward 
extent of coastal wetlands according to RAMSAR. Coastal lakes, including intermittently closed and open lakes and 
lagoons, are also to be considered as estuaries. 
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2.4 Victoria 
The management of Victoria's water resources has evolved in response to social, economic and 
environmental pressures. Legislation and policy relevant to estuary environmental flows can be 
considered in terms of: 
· streamflow management planning 
· estuary management planning 
2.4.1 Streamflow management 
One hundred years ago, governments allocated water to facilitate economic development without 
adequate consideration of the environment. Now, after experiencing changes in climate and economic 
market demands, an explosion in the scientific understanding of environmental processes, and a 
growing appreciation of the consequences of environmental degradation, social preferences have 
shifted from economic prosperity (accepting, either wittingly or unwittingly, a high cost to the 
environment) to economic sustainability (with a limited, or acknowledged, cost to the environment, or 
even a gain to the environment). Today’s priority is to protect, maintain and restore the environment 
so as to meet current economic demands, but also to leave the environment in an agreed sustainable 
condition that can be enjoyed by current and future generations.  
The Victorian Department of Sustainability and Environment (DSE) recently prepared a paper that 
summarised the history of streamflow management in the state (DSE 2006). A number of key stages 
in the evolution of legislation were identified (Figure 1). 
Figure 1: A brief history of stream flow management in Victoria 
 
After DSE (2006) 
The key steps in recognising, and providing a statutory requirement for, the water needs of the 
environment were: 
· Water Act 1989 
· Streamflow management plans 
· Water (Irrigation Farm Dams) Act 2002 
· Our Water, Our Future Action Plan 
· Water Act 2006 
· Victorian River Health Strategy (2002). 
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Water Act 1989 
During the mid-1980s, following the Public Bodies Review Committee investigation into water supply 
authorities, a review of Victoria's water law was commenced. The introduction of the Water Bill 1989 
followed the water law review, and subsequently the Water Act 1989 was introduced. This 
consolidated a number of Acts into one comprehensive piece of legislation. The Groundwater Act 
1969 and the Water Act 1958 were repealed. The Water Bill 1989 enabled management plans in 
water supply protection areas to place restrictions on take and use licences (formerly known as 
annual permits). It could also be used to require licensing of private dams used for irrigation and 
commercial purposes and could be used to place restrictions on the building of private domestic and 
stock dams.  
Streamflow management plans 
During the mid-1990s, the rights to water of authorities, which were allocated by the Crown, were 
poorly defined. It was also identified that the sharing of any remaining streamflows in the river 
between license holders should recognise the needs of the environment. In the midst of the drought 
throughout the mid- to late-1990s, the declining streamflows in Victoria's rivers led government and 
communities to recognise the high allocation of water and reliance on unregulated streamflows. The 
concept of streamflow management plans was introduced in the mid-1990s. This provided water 
users and resource managers with the opportunity to discuss and formalise flow sharing 
arrangements in highly allocated catchments with a history of flow sharing issues. Consultative 
committees appointed between 1996 and 2000 prepared management plans that could be 
implemented by licensed water users, and that addressed the government's long-term river health 
objectives. Because the management plans had no legislative basis, there was no statutory approval 
mechanism, which meant that the plans could be adopted by the relevant licensing authority only as a 
specific management policy to the river to which it applied. Following the allocation of bulk 
entitlements to Authorities, there was a greater focus by the community on the management of the 
flow sharing between license holders and the environment in unregulated rivers.  
Water (Irrigation Farm Dams) Act 2002 
In April 2002 the Water (Irrigation Farm Dams) Act 2002 amended the Water Act 1989 by requiring 
the registration or licensing of irrigation and commercial farm dams and allowing the declaration of 
water supply protection areas for surface waters. Management plans could now be legally prepared 
and enforced for the management of groundwater and surface water resources. Parliament, through 
the legislation, established a rigorous process to ensure that principles of fairness and sustainability 
were primarily considered in the preparation of a management plan. These amendments also enabled 
earlier streamflow management plans (prepared prior to 2002) to be legally recognised as they 
achieved government and community objectives.  
Our Water, Our Future 
In June 2004, the Victorian Government released its action plan: ‘Our Water, Our Future’. An 
important component of this plan was to establish environmental water reserves. These reserves 
constitute the legal share of water for the environment, and they apply to all Victorian rivers, streams 
and groundwater systems. The preparation and implementation of a streamflow management plan 
enhances the environmental water reserve in priority, flow stressed, unregulated rivers. Streamflow 
management plans, through the Victorian River Health Strategy, released in 2002, and the ‘Our 
Water, Our Future’ action plan, are recognised as a crucial part of achieving government's river health 
objectives.  
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Water Act 2006  
Government introduced the Water (Resource Management) Bill 2005 to amend the Water Act 1989, 
and from 2006, the Act legally recognised the environmental water reserve as the legal share of water 
for the environment.  
Victorian River Health Strategy 
The 2002 Victorian River Health Strategy provided the framework for regional communities to make 
decisions on river protection and restoration and to find the balance between using our rivers and 
maintaining their ecological condition. In relation to environmental flows, the strategy: 
· identifies what must be considered in assessing an environmental flow requirement—it addresses 
all components of the flow regime; it is determined using best available scientific knowledge; and 
must be a flow regime that would maintain an ecologically healthy river system. The Department 
of Natural Resources and Environment (now Department of Sustainability and Environment) will 
provide guidelines for assessing environmental flow requirements 
· sets direction on management of environmental water, including assessing the environmental 
effectiveness of the current provisions and reviewing the current management arrangements 
· outlines the mechanisms in Victoria’s water allocation framework that protect environmental 
flows—these include bulk entitlements, streamflow management plans, management rules for 
other unregulated rivers, and the implementation of catchment volume caps 
· provides principles and directions for improving the condition of flow stressed rivers—these 
include such actions as reviewing the operation of water management systems and using trading 
rules to improve environmental outcomes. If the community identifies a river as being a high 
priority, a stressed river plan will be developed, which will identify, amongst other things, the 
environmental improvements required and how they will be achieved 
· sets direction on how to protect environmental flows while still enabling new development—this 
includes measures like using trade to improve the environmental outcomes, water efficiency and 
water re-use and recycling. New allocations may still occur, but guidance is provided on the 
conditions that must be fulfilled first. 
2.4.2 Estuary management  
A range of plans and strategies exist at the regional level that provide for the protection and 
enhancement of natural and cultural values of estuaries. Victoria has a strong natural resource policy 
framework, and as a result, these plans and strategies have a high level of integrated planning and 
address many aspects of sustainable use. 
· The Victorian Coastal Strategy (Victorian Coastal Council 2002) outlined a suite of relevant 
government legislation and policy that directs the management of estuaries and estuarine 
wetlands. Implementation of the strategy is undertaken through coastal action plans, which allow 
for the broad principles and strategies identified at the state level to be further developed and 
applied at a regional level. A revised Victorian Coastal Strategy is available in draft form (Victorian 
Coastal Council 2007). 
· Coastal action plans identify strategic directions and objectives for use and development in the 
region. They provide a regional framework that facilitate the development and implementation of 
individual Estuary Management Plans. 
· Estuary management plans define objectives for the sustainable management of an estuary and 
identify detailed strategies for achieving them.  
· State Environment Protection Policy (SEPP) (Waters of Victoria) provides a framework for 
achieving sustainable uses of surface waters. It identifies water uses and water quality objectives 
required to protect them. 
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· The Environment Protection and Biodiversity Act 1999 (C’wlth) is federal legislation that protects 
wetlands, species and cultural places of national significance. 
· The Marine Act 1988 regulates activities on Victorian waterways. It establishes regulations that 
affect safety such as standards for vessels and operators and speed limits for operation.  
· The Planning and Environment Act 1987 provides a template (Victorian planning provisions) for 
the construction of consistent planning schemes across the state. 
· The Crown Land (Reserves) Act 1978 regulates the appointment of committees for managing, 
improving, maintaining and controlling reserves on behalf of the Minister for Planning.  
2.4.3 Relevant policies and strategies 
Hardie et al. (2006) compiled a list of national, state and regional environmental policies and 
strategies relevant to the development of an environmental flow regime (Table 2). These objectives 
are broadly based upon the Victorian River Health Strategy, the Victorian Coastal Strategy and the 
Integrated Estuary Management project by the Department of Sustainability and Environment, as well 
as several national and local plans and strategies.  
 
Table 2: Key policies and strategies relevant to Victorian estuary management 
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2.5 Tasmania 
Tasmanian water management policy is set out in Policy #2001/1 Water for Ecosystems.9
The Tasmanian water for ecosystems policy recognises the national principles and, thus, the environmental water 
requirements of estuaries. The state policy provides guidelines to assist in determining the environmental water 
requirement (EWR); that is, a description of the water regime needed to sustain ecological values of aquatic 
ecosystems at a low level of risk. The current recommended methodology to determine the EWR is based on 
whether the aquatic ecosystem is defined as being ‘stressed’
 This policy 
refers to the National Principles for the Provision of Water for Ecosystems (ARMCANZ and ANZECC 
1996). The policy, although not specifically mentioning estuaries, refers to ‘catchments’, which is 
general enough to include estuaries. The Water Assessment and Planning Branch (WAP Branch), 
Department of Primary Industry and Water (DPIW) developed a method for recommending holistic 
environmental flow regimes for Tasmanian catchments (DPIW 2007). Estuarine processes, 
particularly those that rely on freshwater inputs, were identified by the WAP Branch as one of four 
broad ecosystem components that should be included in a holistic flow regime. Murphy and Shepherd 
(2007) examined estuarine freshwater flow needs specifically. Their work included a succinct 
summary of the Tasmanian legislation and policy relevant to freshwater flows for estuaries.  
Their summary (Murphy and Shepherd 2007, p.6) is reproduced below: 
The Tasmanian Water Management Act 1999 provides the legislative framework to identify the freshwater flow 
requirements of Tasmania estuaries. Under the Act (section 14), water management plans are to include 
environmental objectives, a description of the water regime that best gives effect to those objectives and its ability to 
achieve those objectives, and an assessment of likely detrimental effects on the quantity of water. The Act is also 
clear that the water needs of major ecosystems that depend on the water resource must be recognised in 
day-to-day management decisions where water management plans do not exist (sections 6 and 8). 
The National Principles for the Provision of Water for Ecosystems (ARMCANZ and ANZECC 1996) state that the 
goal of providing water for the environment is to sustain and where necessary restore ecological processes and 
biodiversity of water dependent ecosystems. Water dependent ecosystems are defined as ‘those parts of the 
environment, the species composition and natural ecological processes of which are determined by the permanent 
or temporary presence of flowing or standing water’, and include estuaries. 
10
For stressed aquatic ecosystems and unstressed, but regulated, systems, the general indication is that the EWR will 
be identified using an holistic assessment (i.e. at least spawning flows, flushing flows and channel maintenance 
flows) using a range of relevant scientific methods. For unstressed aquatic ecosystems where no detailed 
information is available, the EWR is determined using a hydrological ‘desktop’ method.
 or ‘unstressed’. 
11
The process for water quality management involves the setting of protected environmental values (PEVs) and water 
quality objectives (WQOs) for water bodies, including estuarine areas and coastal waters. Protected environmental 
values are the current uses and values of a waterway and have been developed through community consultation for 
surface waters in most Tasmanian estuaries. However, PEVs are largely generic in nature. Relevant estuarine 
PEVs are related to whether the ecosystem is considered near-pristine
 
The National Water Quality Management Strategy, National Framework for Marine and Estuarine Water Quality 
Protection and the State Policy on Water Quality Management 1997 are policy documents that should be 
recognised when identifying freshwater flows. While primarily aimed at the impact of land-based pollutants on water 
quality, issues such as nutrients and sediments are often strongly linked to the volume and timing of freshwater 
reaching estuarine waters. 
12
                                                 
9 See: <http://www.dpiw.tas.gov.au/internnsf/Attachments/JMUY-52X7BR/$FILE/WaterforEcosystems.PDF>, accessed 
20 June 2008. 
10 A stressed aquatic ecosystem is defined as exhibiting significant scientific evidence for degradation related to the 
allocation of water, or which does not receive the full EWR as estimated using the relevant methodology. 
11 The WAP Branch has indicated that desktop methods have been rarely used with most systems assessed using 
habitat-based assessment methods. 
12 “Pristine” means waters not subject to human interference through discharges or other activities within the catchment 
(Australian Water Quality Guidelines 1992). 
 or modified and for modified systems 
whether edible fish can be harvested. Recreational water quality (i.e. primary contact, secondary contact, or 
aesthetics only) and whether the system supplies water for industry are the other relevant estuarine PEVs. 
Community water values determined during the community consultation of the PEVs setting process may be 
considered when undertaking an appraisal of water quantity values during the water management planning process. 
Categories of water quantity values identified for Tasmania are: ecosystem values; physical landscape values, 
consumptive and non-consumptive values; recreation values; and aesthetic landscape values. 
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A review is underway of the Water Management Act 1999. With respect to this review, Mr Neil Stump, 
Chief Executive of the Tasmanian Fishing Industry Council provided the perspective of the Tasmanian 
seafood industry (Neil Stump April 2008 and June 2008, pers. comm.). Mr Stump was of the opinion 
that insufficient effort was being directed to monitoring and collecting rigorous estuary focused 
datasets that could be used to inform policy development, regulation and water resource allocation. 
He was of the opinion that the general lack of information on estuary and near-shore coastal area 
health, and estuary environmental flow requirements, meant that the processes for determining and 
regulating environmental flows to estuaries were currently inadequate. He also indicated a desire for 
industry concerns regarding estuary environmental flows to be included in the broader development of 
policy.  
2.6 South Australia 
2.6.1 Environmental flow provisions 
Environmental flow provisions  are mandated under the initial COAG agreements of 1994 (Council of 
Australian Governments 1994), the NWI (Council of Australian Governments 2004) and the Natural 
Resources Management Act 2004 (South Australian Government 2004). 
The NWI is supported by the requirements of the Natural Resources Management Act 2004 (section 
76), which states that a water allocation plan must include: 
… an assessment of the quantity and quality of water needed by the ecosystems that depend on the water 
resources and the times at which, or the periods during which, those ecosystems will need that water. 
In addition, a water allocation plan must: 
… provide for the allocation (including the quantity of water that is to be available for allocation) and use of water so 
that an equitable balance is achieved between environmental, social and economic needs for the water. 
2.6.2 Estuaries management policy 
The Living Coast Strategy 2004 and State Water Plan 2000 recognised the need to better manage 
the many users of estuaries. The Wetlands Strategy for South Australia 2003 includes estuaries as a 
type of coast and marine wetland that requires management and protection. The Draft Estuaries 
Policy and Action Plan (DEH 2005) was an outcome of these government initiatives. It identified 
additional actions needed to achieve a sustainable future for estuaries.  
The Draft Estuaries Policy and Action Plan (DEH 2005) designated the Natural Resources 
Management Act (2004) as the integrating mechanism, and drew on other plans as appropriate. The 
Natural Resources Management Act 2004 recognised regional natural resource management boards 
as the key bodies for coordinating and integrating the management of estuaries, with a range of other 
agencies designated as having a supporting role (see Governance: Section 4.6).  
Natural resource management boards are charged with identifying the minimum and maximum 
environmental flow needs for estuaries. They must ensure that these flows are established using a 
whole-of-catchment approach (methods specifically identified for estuaries under the Natural heritage 
Trust National River Health Program should be trialed—see Section 3.6).  
The Draft Estuaries Policy and Action Plan provides a comprehensive summary of relevant 
legislation, cross-tabulated to show the relevant issues (see Table 3, Table 4, Table 5). 
2.6.3 Murray-Darling Basin agreements 
South Australia is responsible for the stewardship of the estuarine environments of the River Murray: 
the Lower Lakes, Coorong and the Murray Mouth.  
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The Department of Water Land and Biodiversity Conservation (DWLBC) works within the Murray-
Darling Basin Commission's River Murray Works Program and the Living Murray Initiative's 
Environmental Works and Measures Program. The Living Murray Initiative is a significant river 
restoration program that aims to achieve a healthy working River Murray system. This program was 
established in 2002 as a partnership between the Australian, NSW, Victorian, South Australian and 
Australian Capital Territory governments, and it focuses on returning water to the river's environment. 
Since 2004, the DWLBC has established an environmental flows working group for the Lower Lakes 
and Coorong.  
The increased understanding of the need to actively manage environmental water for the River 
Murray and its floodplain and wetland environment led to the development and release of the strategic 
plan: Environmental Flows for the River Murray in South Australia in 2005 (DLWBC 2005). The 
actions in this strategy are being implemented and a key outcome was the commitment to the function 
of River Murray Environmental Manager at the South Australian Murray-Darling Basin Natural 
Resources Management Board in 2005. The River Murray Environmental Manager oversees 
environmental flow management decisions and determines priorities for state-based environmental 
watering projects. It has the key strategic planning and decision-making role for environmental water 
delivery and management. It also has a role in the facilitation of on-ground projects. 
A key part of The Living Murray Initiative is the ‘First Step’ decision to return 500 gigalitres of water to 
the environment as environmental flows by June 2009. This water is to be shared amongst six icon 
sites, one of which is the Lower Lakes, Coorong and Murray Mouth. A scientific advisory group has 
now been established to advise on the best use of environmental water at that icon site. 
A range of reports and agreements pertain to the management of the icon site, specifically the issue 
of environmental flow provision. They include: 
· MDBC (2007a) The Living Murray Business Plan 
· MDBC (2006) The Lower Lakes, Coorong and Murray Mouth Icon Site Environmental 
Management Plan 2006–2007 
· DWLBC (2005) Environmental Flows for the River Murray – South Australia's framework for 
collective action to restore river health 2005–2010. 
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Table 3: Legislation relevant to estuary management in South Australia (part 1/3)  
 
Note: Columns 1 and 2 the most relevant 
Source: DEH (2005) 
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Table 4: Legislation relevant to estuary management in South Australia (part 2/3)  
 
Note: Columns 1 and 2 the most relevant 
Source: DEH (2005) 
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Table 5: Legislation relevant to estuary management in South Australia (part 3/3)  
 
 
Note: Columns 1 and 2 the most relevant 
Source: DEH (2005)
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2.7 Western Australia 
The statutory context for river flow management in Western Australia was described in the Western 
Australian Environmental Water Provisions Policy (Water and Rivers Commission 2000). This 
document does not mention the words estuary or estuarine. The policy describes the principles and 
processes to be applied to determine how much water should be retained for the environment when 
allocating and reviewing water use entitlements. Ecological water requirements and environmental 
water provisions are used to allocate water for environmental and other public benefit outcomes 
(Trewin 2006). 
The Rights in Water and Irrigation Act 1914 specifically provides for water for the environment. It 
includes provisions for the management of water resources, and in particular for their sustainable use 
and development to meet the needs of current and future users; and for the protection of their 
ecosystems and the environment in which water resources are situated, including by the regulation of 
activities detrimental to them.  
The Environmental Protection Act 1986 is important to the establishment of water provisions for the 
environment in Western Australia. In particular it provides for: the identification of statutory 
environmental values and environmental quality criteria to be protected as part of environmental 
protection policies; and the assessment of proposals that may have a significant impact on the 
environment and the setting of statutory conditions by the Minister for the Environment. 
Water and Rivers Commission (2000) also noted that the Conservation and Land Management Act 
1984, Wildlife Conservation Act 1950, Aboriginal Heritage Act 1972 and the Native Title Act 1993 
(C’wlth) may also have significant implications for the provision of water for the environment.  
Western Australia has social water requirements, which are the elements of a water regime that are 
identified to meet social values, and mitigation water requirements, which are elements of the water 
regime that are identified to improve diminished water quality. Both social and mitigation water 
requirements may form part of the environmental water provisions.  
Environmental water provisions cannot be traded in Western Australia. In areas proclaimed under the 
Rights in Water and Irrigation Act 1914, the Western Australian Government ensures that water use is 
within sustainable limits through the issuing of licenses to approved users (Trewin 2006). Licence 
holders may only take water for the purpose and in the way specified by the licence so that allocation 
limits are not exceeded and the environment is not compromised. Further allocations to new or 
existing consumptive users will occur only where environmental water provisions are being met 
(Trewin 2006). 
2.8 Northern Territory 
The Northern Territory coastal and marine estate remains relatively undeveloped, largely due to its 
remoteness from very large population centres (DIPE 2005). The Northern Territory is characterised 
by large estuarine systems, diverse mangroves, scattered fringing coral reefs, seagrass meadows, 
productive fisheries and foraging and nesting habitats for dugong, turtles and shorebirds (DIPE 2005).  
The management of estuaries is affected by 22 Northern Territory Acts that deal with issues such as 
heritage, conservation, biodiversity, public health, fisheries and ports and chemicals (Commonwealth 
of Australia 2001). Of these, the Water Act 1992, has the most direct involvement on water quality 
issues in fresh and marine waters, while the Planning Act 1993 and Waste Management and Pollution 
Control Act 1994 are important Acts that affect land use and waste management, respectively 
(Commonwealth of Australia 2001). The Department of Infrastructure, Planning and Environment 
administers all three Acts and it is involved in the monitoring of waters and the catchment. The Water 
Act 1992 encompasses the management of estuarine waters as well as all freshwater discharges to 
estuaries. The Act regulates the discharge of pollutants to waters through the issue of waste 
discharge licenses and the use of fresh and marine waters for commercial activities through the issue 
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of extraction permits. Relevant Commonwealth legislation, specific to the Northern Territory, includes 
the Aboriginal Land Rights (Northern Territory) Act 1976 (C’wlth), which is the legislative basis for 
freehold title to land, including estuaries, being granted to Indigenous occupants (Commonwealth of 
Australia 2001). 
Garnett et al. (2007) examined the Territory Parks and Wildlife Conservation Act, which is the 
principal legislative protection for threatened species in the Northern Territory. While Garnett et al. 
(2007) does not specifically mention estuaries, two items are particularly relevant. The first is that 
Garnett et al. (2007) call for greater public involvement, and the second is a call to include fish in the 
definition of animals so they can indeed be listed as threatened species. 
The Northern Territory reviewed the Water Act and regulations in 2000 (National Competition Council 
2003). Following amendments in May 2000, the Water Act clearly specifies water entitlements that 
are fully separated from land title. The Water Act allows the enforceable allocation of water to various 
declared beneficial uses (NRETA 2007) including: agriculture, aquaculture, public water supply, 
riparian and industry while ensuring that adequate provisions are made to maintain cultural and 
environmental requirements. This is done through the declaration of water allocation plans within 
water control districts, ensuring water is equitably managed to preserve quality of life and the integrity 
of the water dependent ecosystems in the region. Water control districts are geographical areas 
declared under the Water Act by the relevant Northern Territory Government Minister to allow for 
intensive management of water resources (NRETA 2008a). The Water Act provides for trading in 
water entitlements in water control districts where water allocation plans have been declared and for 
trading rules for regions to be developed under each water allocation plan (National Competition 
Council 2003). 
Water allocation plans for surface and groundwater in the Northern Territory include contingent 
allocations for the environment that provide a conservative and sustainable balance between 
environmental needs and other water uses (NRETA 2008a; National Competition Council 2003). A 
water allocation plan outlines how a particular water body (e.g. a river or an aquifer) is to be managed 
(NRETA 2008a). They provide a blueprint for future sustainability by establishing a framework for 
sharing water between human and environmental needs as determined through reference to both 
community and technical groups. It sets limits to the availability of water assigned to each beneficial 
use, rules for managing licences, and water trading. A critical component of any water allocation plan 
is how it will be monitored. Monitoring is important to assess the performance of a plan and to inform 
reviews (NRETA 2008a). When finalised, a water allocation plan has a maximum life of ten years and 
a maximum review period of five years (NRETA 2008a). 
To date, the only declared water allocation plan in the Northern Territory has been for the Ti Tree 
Water Control District. This was done in September 2002, when the Ti Tree Region Water Resource 
Strategy (DIPE 2002) was declared to be the water allocation plan for the Ti Tree Water Control 
District, under section 22B of the Water Act. Work is in progress for the Katherine, Darwin and Alice 
Springs water control districts. The Tindall Limestone Aquifer (Katherine) Water Allocation Plan has 
reached the stage of being released for public comment (NRETA 2008b). Both the Ti Tree and 
Katherine water allocation plans concern inland groundwater-fed systems, so they have no estuarine 
component.  
To ensure that water extraction remains within the estimated sustainable yield, licences are issued 
only after accounting for environmental needs. The principle that at least 80 per cent of wet season 
flows in any part of a river will be allocated to the environment is the main control on the sustainable 
yield of the surface water resource (Trewin, 2006; Connected Water 2006).  
In terms of groundwater allocation, the national definition of sustainable yield agreed by the Natural 
Resource Management Ministerial Council has been adopted by the Northern Territory (Connected 
Water 2006). Where annual monsoon rainfall generally assures full annual recharge of aquifers, the 
requirements of all groundwater dependent ecosystems must be maintained and total ground water 
extraction must not exceed 20 per cent of annual recharge, with at least 80 per cent retained for 
environmental use (Connected Water 2006). For the arid zone, where significant recharge events are 
relatively rare, the water requirements of all groundwater dependent ecosystems must be maintained 
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and total groundwater extraction over not less than 100 years must not exceed 80 per cent of aquifer 
storage as assessed before any extraction commenced (Connected Water 2006). 
The Northern Territory's Integrated Natural Resource Management Plan (DIPE 2005) estimated that 
more than 99 per cent of mean annual flow remains available for environmental and cultural uses in 
24 of the 31 rivers in the Top End of the Northern Territory. More than 90 per cent of average annual 
recharge to 10 of the 16 groundwater provinces in the Northern Territory is considered to be available 
to sustain environmental and cultural values (DIPE 2005). As most Northern Territory rivers are 
unregulated, their estuaries receive all of the wet season flows.  
Cultural use is a recognised ‘beneficial use’ of water under the Northern Territory Water Act. While 
cultural water requirements can be accommodated under the legislation, a scientifically rigorous and 
robust method to do this, and an effective method of consultation with Indigenous people to access 
their knowledge, have not been developed (Erskine et al. 2004).  
2.9 Discussion—legislation and policy 
The literature review highlighted some key common elements and gaps across Australian jurisdictions 
with regards to the determination of environmental flows with respect to estuaries. Key common 
elements include: 
· each state and territory government has legislation relating to the management of water including 
its allocation and the desire to establish environmental flows 
· a requirement under the legislation for various plans to be prepared for water catchments that 
identify and define environmental flows 
· a policy or strategy that includes the need for management of estuaries, whether this is a coastal 
policy, biodiversity policy or an estuary management policy, which identifies environmental flows 
as an important element in the health and ecological functioning of estuaries. 
The most notable gaps revealed by the review were: 
· the lack of specific reference under most legislation to the provision of environmental flows for 
estuaries. The consideration of environmental flows for estuaries is often not mentioned in water 
management legislation and left to the individual water allocation plans to address this need. This 
need can be undermined by a lack of legislative or policy reference to ensuring that water 
planning provides for adequate and appropriate flow for estuarine environments, for which the 
needs differ from those of freshwater ecosystems 
· the lack of direction to ensure that estuaries are considered on an equal footing compared to 
other competing users of water when environmental flows are determined in the water allocation 
planning process. It appears that the consideration of estuaries with regards to setting appropriate 
and adequate environmental flows are secondary when compared to human needs such as urban 
water supply, agricultural land use and industry, and upstream freshwater ecosystems. The view 
appears to be that whatever flow is residual after other entitlements and allocations have been 
determined can go to the estuary. The development of macro water sharing plans in NSW is an 
example of where the ecological needs of estuaries are being considered equally with other 
users. This is an advancement on some of the early water sharing plans, which often did not 
extend into the estuarine environment 
· the lack of knowledge of the effects of altering freshwater flows to estuaries, and the high level of 
uncertainty associated with determining adequate and appropriate environmental flows for 
estuaries. 
The lack of specific reference to ensuring environmental flows for estuaries and the high level of 
uncertainty in determining adequate and appropriate environmental flows for estuaries in water 
planning legislation and policy are both compounded by the lack of integration with other planning and 
management processes associated with estuaries. Estuary management is undertaken independently 
from water planning processes, primarily because the two are viewed as separate processes: one 
NATIONAL WATER COMMISSION — WATERLINES           35 
process focuses on freshwater areas and the other solely on estuarine areas. Neither process has 
any real input into the setting of environmental flows for estuaries because the determination of 
environmental flows for rivers does not integrate with estuary management activity, and estuary 
management activity does not extend beyond the tidal limits of the estuary. A good example of this is 
the separation in both policy and governance structures in NSW between water allocation planning 
and estuary management. Water planning is administered by the Department of Water and Energy, 
while estuary management is driven by committees administered by local government. 
One option for improving estuarine flows management is to make amendments to legislation relating 
to water management. The amendments would include specific reference to an objective requiring 
water allocation planning to identify and establish adequate and appropriate environmental flows for 
estuaries. Amended legislation would also establish a water allocation planning process and policy 
that clearly requires environmental flow plans to be specific in setting objectives and strategies to 
manage estuary condition in terms of establishing and implementing adequate and appropriate 
environmental flows for estuaries. This would assist in avoiding conflict generated by ambiguity, and 
would reduce the likelihood of estuarine flow needs being short-changed in the water allocation 
planning process compared to other competing users or interests. Also, the scope for legal challenge 
is reduced when the tasks that need to done and issues that need to be considered are 
unambiguously stated in legislation.  
The picture of legislation pertaining to the protection of flow related estuarine processes is similar to 
that for rivers. Water per se is typically separated from other aspects of environmental protection. This 
is perhaps both a strength and a weakness. On the one hand, separating water resources means that 
estuaries can be better integrated into broader water resource planning decisions, which may 
encompass catchments extending many thousands of kilometres inland. At the same time, as 
acknowledged under the NWI, the current lack of knowledge about the freshwater needs of estuaries, 
together with growing, and more clearly defined upstream demands, means that they frequently 
receive only the residual flow after other entitlements and allocations have been determined. 
Furthermore, estuaries are not usually distinguished explicitly from other aquatic ecosystems.  
Past decisions to isolate legislation pertaining to freshwater inflows from legislation governing other 
local and coastal processes influencing estuarine condition also means that, in most cases, 
independently developed areas of legislation must function together to ensure estuarine values are 
adequately protected. The extent to which this can or is being achieved successfully will hopefully be 
assessed by a number of reviews currently underway (by Queensland’s Enviornment Protection 
Agency and the NSW Department of Water and the Environment). 
There has been substantial legislative reform during the past two decades in relation to water 
management in Australia, both at state and Commonowealth levels. Several elements of the national 
water reform process have the capacity to assist in improving the legislative protection of water 
requirements of estuaries, although progress on this front has been slow, again in part due to the lack 
of suitable means for determining estuarine needs. The development of a unified water rights and 
trading framework under the COAG (1994) and NWI (2004) reforms, which clarifies ownership of 
water and facilitates trading between all users (including the environment), is seen as a major step 
forward. There is also considerable variation in the complexity and depth of legislation among states, 
although the national reforms are seen as a vehicle for bringing the states into line. 
Most recently, the Water for the Future strategy and the signing of the Murray-Darling Basin 
Agreement have the potential to help resolve issues of water sharing between consumptive and non-
consumptive uses. Whilst once again, the National Plan for Water Security does not specifically 
mention estuaries, its implementation should further remove impediments to the delivery of agreed 
environmental water entitlements. The signing over of water planning in the Murray–Darling Basin to 
the Commonwealth Government has direct relevance to estuaries (such as the Lower Lakes, 
Coorong and Murray Mouth) that receive inflows from multiple states. 
Even where the legal entitlement of the environment to water is well established by legislation, 
clauses may allow this right to be overturned during exceptional circumstances. In Victoria for 
instance, environmental water entitlements (the environmental water reserve) recognised under the 
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Water Act (1989 and 2006) can be ‘qualified’ by the Minister, for example, to maintain supplies for 
domestic consumption. Whilst this provides a necessary safeguard within the legislation, where such 
qualifications pose significant threats to environmental objectives, including those applying to 
estuaries, there may be a need to review allocations to consumptive uses over the longer term. 
Understanding such risks will require continuing and additional investment in research.  
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3. Process frameworks, decision-support 
systems and flow methodologies 
This section briefly describes the process frameworks, decision-support systems and environmental 
flow methods for estuary flow management that are currently being used or are under development in 
each state and territory. In this context, a framework is a set of broad steps (or linked components or 
tools) that cover all aspects of the process of establishing agreed environmental flow allocations for 
estuaries; methods refer to scientific (technical) approaches to determining environmental water 
requirements; and decision-support systems are a type of method that aids logical decision making 
for specific management issues (e.g. when to artificially open an estuary mouth).  
This report does not attempt to comprehensively review the scientific (technical) approaches to 
determining environmental water requirements. The literature on this topic is voluminous, and it has 
been reviewed or partly reviewed by others (e.g. Scheltinga et al. 2006; Hardie et al. 2006; 
Close 2005). Examples of potentially useful methods not reviewed here are the SERM (Simple 
Estuarine Response Model) generic model of estuary pressure-state-response for Australia (Baird et 
al. 2001) and the SqueezeBox desktop modelling tool developed by Merryl Alber and Joan Sheldon at 
the University of Georgia. These methods can both be used to evaluate the effects of freshwater 
inflow on the salinity distribution and mixing time scales of riverine estuaries (Sheldon and Alber 
2005). Ultimately, a detailed environmental flow assessment for an estuary will require development 
of a hydraulic model, but the choice of model is best left up to the modeller.  
3.1 National 
3.1.1 National principles for the provision of water for ecosystems 
Environmental flow methods for estuaries are not legislated or enshrined in policy at a national level. 
However, the recognition of the need for environmental flows for estuaries is provided for under the 
National Principles for the Provision of Water for Ecosystems (ARMCANZ and ANZECC 1996), and in 
turn through the NWI. The revised (unpublished) National Principles (ARMCANZ and ANZECC 2001) 
included a generalised decision-making process for water allocation that involved stakeholders within 
a catchment or water supply system in the planning process and took into account the social, 
environmental and economic issues (Figure 2). This is suitable as a basic framework within which to 
assess and establish estuary environmental flows.  
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Figure 2: Generalised decision-making process for water allocation under the revised National 
Principles for the Provision of Water for Ecosystems 
 
Source: ARMCANZ and ANZECC (2001, unpublished) 
3.1.2 Peirson et al. (2002) ten-step adaptive management method 
Development of a method for assessment of environmental water requirements to maintain estuarine 
processes13
The method proposes two phases of investigation: preliminary evaluation and detailed investigation 
(
 (Peirson et al. 2002) was undertaken as part of the National Environmental Flows 
Initiative, administered by Environment Australia (Gippel 2001). Following a workshop to launch the 
methodology, Gippel (2002) concluded that the method of Peirson et al. (2002) was suitable for 
application to determination of environmental water needs of Australian estuaries, and recommended 
it for trial adoption by the states and Northern Territory. Since that time, the Peirson et al. (2002) 
method has been widely considered—and at least partly trialed or partly adopted—in NSW, 
Tasmania, South Australia, Queensland and Victoria.  
Peirson et al. (2002) developed a checklist of major ecological processes by which changes to 
estuary fresh water inflows may cause impacts on estuarine ecosystems and the adjacent marine 
environment. They have also provided a systematic, multidisciplinary adaptive management 
methodology that uses the checklist to assess the risk to the estuarine ecosystems that is associated 
with reduced fresh flows to estuaries. 
Table 6). Once the preliminary evaluation of different estuaries has been completed, the estuaries 
should be able to be categorised according to risk from reduced freshwater inflows. Upon completion 
of the assessment for a given estuary, the impacts of changed development scenarios can be 
assessed by repeating DIP Steps 2 to 6 (see Table 6). The methodology is presented as a single 
pass process. However, because relevant information is often limited, it may be necessary to repeat 
steps of the methodology when better information becomes available. 
                                                 
13 Such assessment methodologies fit on the second tier of the generalised decision-making framework depicted in 
Figure 2 under ‘Ecological Water Requirements’. 
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Table 6: Adaptive management methodology to assess the risk to the estuarine ecosystems 
associated with reduced fresh flows to estuaries as proposed by Peirson et al. (2002) 
Preliminary evaluation phase (PEP) 
PEP Step 1: Define the environmental flow issue to be investigated 
PEP Step 2: Assess the value of the estuary 
PEP Step 3: Assess changes to inflow 
PEP Step 4: Assess the vulnerability of the estuary 
Detailed investigative phase (DEP) 
DIP Step 1: Examine the likely impact of current water use on transport, mixing, water quality 
and geomorphology using catchment runoff and estuarine flow models 
DIP Step 2: Define environmental flow scenarios for the estuary 
DIP Step 3: Use the established models to assess the impact of proposed scenarios 
DIP Step 4: Assess the risk to estuarine biota 
DIP Step 5: Licensing and development approval 
DIP Step 6: Adaptive management 
 
3.1.3 Scheltinga et al. (2006) adaptive management framework 
On behalf of the Fisheries Research and Development Corporation and Land and Water Australia, 
Scheltinga et al. (2006) undertook a ‘high-level’ review of information needs for managing freshwater 
flows to estuaries with a national focus. The purpose was to highlight the current knowledge strengths 
and gaps so that future research and development could be prioritised. The assessment was based 
on a rapid review of literature and semi-structured interviews with experts from around Australia. To 
complement this process, a workshop was held to bring together experts on environmental flows and 
estuarine science to help refine the information and prioritise research needs. One outcome of the 
review was an adaptive management framework, tailored to estuary flows assessment and 
management needs (Figure 3). This framework incorporates the steps of Peirson et al. (2002) 
(although they may be expressed differently), but also shows the links between the various elements 
of the process, and presents the entire process as a continuous adaptive management cycle.  
 
40           NATIONAL WATER COMMISSION — WATERLINES 
Figure 3: Adaptive management framework relating to freshwater flows to estuaries proposed 
by Scheltinga et al. (2006) 
 
Source: Based upon an adaptive management framework by Lawrence and Bennett (2002) 
3.2 Queensland 
3.2.1 Water resource planning process 
Queensland’s approach to establishing environmental flows is built on an objective scientific 
assessment of the fundamental relationship between flow patterns and ecological health. It is used to 
develop rules that support or mimic the natural patterns of variability that are intrinsic to sustaining 
ecosystem needs, i.e. adopting the natural flow paradigm of Poff et al. (1997). The Integrated 
Quantity Quality Model (IQQM) is used as a hydrological modelling approach to facilitate the 
determination of environmental flows.14
                                                 
14 IQQM is a hydrologic network model used in planning and evaluating water resource management policies. It is a 
generalised hydrologic simulation package that is capable of application to regulated and unregulated streams, and it is 
designed to be capable of addressing water quality and environmental issues as well as water quantity issues.  
 The environmental flow rules are developed under statutory 
water resource plans to recognise the importance to the aquatic environment of characteristics like 
frequency, duration and magnitude of flows. The Department of Natural Resources and Water 
monitors the implementation of water resource plans. 
Environmental flows are represented in a water resource plan through specific and general ecological 
outcomes, achieved through rules-based management of the flow regime. The rules are tailored to 
minimise the impact of water diversion on the flow patterns, which have been identified by 
independent scientific experts to be of most importance to maintaining a river’s ecological assets. The 
complexity of the rules needed to support these goals will bear a direct relationship with the relative 
levels of development in the water resource plan area. Therefore, the approach is adaptable to 
developing environmental flow provisions of varying degrees of complexity for the highly variable flow 
regimes characteristic of Queensland rivers and for the differing degrees of water resource 
development within them. Flow regimes range from perennial to seasonal, and periodic or ephemeral, 
while development levels range from low to intensive.  
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The greatest complexity occurs where tradable water allocations are to be created under a water 
resource plan. This provision triggers a requirement under the Water Act 2000 for environmental flow 
objectives to be specified. In these cases, management rules are developed under a resource 
operations plan to ensure that water trading does not compromise the specific values of the 
environmental flow provisions or the ecological outcomes they support (Audrey Van Beusichem, 
Department of Natural Resources and Water 2008, pers. comm.). 
In Queensland, the water resources planning process is used for determining environmental flows, 
including the consideration of estuaries. This involves the following basic steps, based on the 
summary in Gippel (2002): 
· collect, collate and generate data: hydrologic modelling, existing rights and entitlements, 
geomorphology and ecology 
· establish community reference panel for notification of an intention to prepare a plan, and for 
identification of allocation and flow-related issues. An Indigenous working party may also be 
established to provide input from various Indigenous clans 
· establish technical advisory panel for preparation of current environmental conditions and impacts 
of existing water resource development, and environmental flow objectives 
· develop economic and social impact models, water use options and impacts (balance between 
competing uses), translation of existing entitlements, and allowance for future demands, leading 
to a draft water resource plan 
· call for submissions from the public to comment on the draft water resource plan 
· undergo a statutory review and approval process that leads to implementation of the plan through 
the development of a resource operation plan with rules to meet environmental flow objectives 
and water allocation security objectives that have been specified in the water resource plan; 
review and replace plans every ten years. 
All eastern and northern flowing Queensland rivers have estuarine systems. The technical advisory 
panel uses the ‘benchmarking methodology’ (Brizga et al. 2002) for the whole-of-basin to technically 
assess environmental flow requirements. This process involves: 
· dividing the study area into relatively homogenous reaches 
· identifying ecological assets (including those for estuaries) and their critical links to flow 
· selecting benchmarking sites with a range of levels and types of existing water resource 
development and flow regulation (a whole suite of flow statistics are considered) 
· determine current environmental conditions—overall, and due to non-developed and water 
resource development factors (change from natural) 
· consider the impacts of full utilisation of existing entitlements and future water resource 
development scenarios—undertake risk assessment. 
Homogenous reaches are generally selected for the riverine reaches, although parts of the estuary 
may also be partitioned and considered separately. Riverine reaches are assessed in much more 
detail than estuaries and coastal systems. This is largely due to the lack of appropriate data, 
information or knowledge on estuarine systems (Brizga et al. 2002). 
3.2.2 Benchmarking methodology 
The technical advisory panel members use specific expertise, multidisciplinary approaches and 
existing information for riverine ecological condition assessment. They make use of several different 
indicators and methods. Currently, for estuaries and coastal ecosystems, the overall condition is 
assessed using a method that is effectively a combination of preliminary evaluation phase and 
detailed investigative phase, as defined in Peirson et al. (2002) (Table 6).  
Where information is lacking or there is uncertainty regarding effects on estuaries, a cautious 
approach is taken to managing water resources by using an adaptive management strategy to refine 
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the yield estimate through close scrutiny of sustainability threats. Adaptive management incorporates 
research into conservation action by integrating design, management and monitoring to systematically 
test assumptions in order to adapt and learn. It is a suitable management approach to adopt where 
the hydrology, environmental systems and their interaction are complex, and to some extent 
unpredictable, but where short-term actions may be required (Department of Natural Resources and 
Water 2007). Conceptual models are used to help understand cause-effects and process-responses. 
Assessment of the current condition of sites and reaches is undertaken based on a five-point scale 
that ranges from natural to very major modification: 
· natural or near natural 
· minor modification from natural 
· moderate modification from natural 
· major modification from natural 
· very major modification from natural. 
The geomorphological assessment addresses three main aspects: 
· channel morphology (size, shape, substrate): 
– comparisons of recent and historical aerial photographs 
– site inspections 
– aerial videography 
– anecdotal information 
· hydraulic habitat: 
– hydrological data 
– site inspections 
· sediment transport processes: 
– inferred from hydrological data 
– inferred from presence and nature of dams and weirs forming barriers to sediment 
movement. 
Ecological factors are identified and assessed including mangrove and saltmarsh wetlands and 
habitat for rare and endangered flora and fauna including migratory birds.  
Fish communities are assessed mainly on existing information: 
· review of existing data and prior studies: 
– total number of native species present within a reach 
– species composition predicted from reference sites 
· additional factors are considered, including: 
– hydrological impacts of water resource development 
– water quality 
– barriers to fish movement. 
Impacts of water resource development are assessed in terms of geomorphology, aquatic vegetation, 
riparian vegetation, macroinvertebrates and fish. Levels of impacts (no/minor, moderate or major/very 
major) for each ‘indicator’ are determined. 
Risk assessment is undertaken using the integrated assessment of each site graphed against the 
determined ‘change from natural’ of each hydrological parameter, such as mean annual flow (Brizga 
et al. 2002). Data on flow regime change and environmental impacts of water resource development 
are then combined, and key levels of departure from the natural flow regime are identified (Figure 4). 
This information is used to produce a risk assessment diagram for existing condition and condition 
under full utilisation of existing entitlements (Brizga et al. 2002). 
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Figure 4: Risk assessment model used in Queensland benchmarking methodology 
 
The graphic on the left is the legend for the example on the right. The percentage 
reduction refers to a selected hydrological index, while impact refers to ecological impact. 
Gippel (2002) listed some examples (Table 7) of existing environmental condition (the first number) 
and condition under full utilisation of existing entitlements (the number in parentheses) for different 
estuaries in the Pioneer River system (central Queensland). 
Table 7: Existing environmental condition and condition under full utilisation of existing 
entitlements for different estuaries in the Pioneer River system 
Estuaries Overall condition Condition resulting from non 
water resource development 
(eg. due to land use) 
Condition due to water 
resource development 
Upper Pioneer Estuary 5 (5) 5 (5) 4 (4) 
Lower Pioneer Estuary 5 (5) 5 (5) 3 (4) 
Bakers Ck Estuary 3 (2) 3 (2) 1 (1) 
Sandy Ck Estuary 2 (2) 2 (2) 2 (2) 
Notes: existing environmental condition is the first number; the numbers in brackets are the condition under full utilisation of 
existing entitlements; 5 = very major modification from natural; 4 = major; 3 = moderate; 2 = minor modification from natural; 
1 =  natural. 
During the life of a water resource plan, the department gathers further information on ecological 
assets (including those of estuaries), and their critical links to flow, through the environmental flows 
assessment program. The (improving through time) scientific knowledge is used as the basis for 
assessing the effectiveness of water resource plans and for preparing replacement plans at the end of 
their ten-year life. An adaptive management framework was also proposed by Lawrence and Bennett 
(2002) as being suitable for management of (uncertain) coastal environments.  
3.2.3 Freshwater flows and estuarine fisheries production 
Another method for assessing environmental flows for estuaries is to use estuarine fisheries species 
and their productivity (i.e. catch) as a suitable indicator because they have economic and social value, 
as well as sufficient life-history and long term abundance (albeit fishery dependent) data available. 
This method is a resource-based approach (Close 2005). An example of this approach is that of 
Robins et al. (2005), which uses a combination of life-history and catch data to identify aspects of 
freshwater flow regimes that are important for estuarine finfish (and shellfish) species. Robins et al. 
(2005) proposed a generalised framework (logical approach) to identifying aspects of the freshwater 
flow regime that are potentially important to estuarine fisheries production. Robins et al. (2005) 
applied the framework to the Fitzroy River as a case study.  
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3.3 New South Wales 
3.3.1 Macro water sharing plan approach 
In common with the other states and territories, flow methods in NSW are constrained by the limited 
availability of comprehensive data sets and a lack of well-described functions relating estuarine 
ecology and function to flows, so they tend to be supported by expert knowledge. Hydrologic and 
hydraulic modelling for environmental flows have been undertaken only on the larger river estuaries 
including the Richmond, Shoalhaven, Hunter and Hawkesbury. Models for the Manning and Bega 
estuaries are currently being developed. The Department of Water and the Environment is aware of 
the shortcomings in data, science and modelling and is working to improve the scientific foundations 
for environmental flows for estuaries.  
To assist with the determination of environmental flow needs of estuaries under the water sharing 
plan process, an analysis was undertaken by a group of estuary specialists from the Department of 
Water and the Environment to determine how sensitive each of the state’s estuaries were to changes 
to freshwater inflows (from the perspective of how this impacts the salinity of the estuary). The 
method was checked by staff from the Department of Primary Industries (fisheries) and the 
Department of Environment and Climate Change. The method ranked the sensitivity of estuaries 
based on their physical attributes—size, shape and the ratio of catchment size to the surface area of 
the estuary. Small estuaries, such as coastal lagoons, tend to be highly sensitive to inflows. Barrier 
estuaries tend to be long and narrow and less sensitive to changes to inflows (Department of Water 
and Energy 2007). 
The macro water sharing plan approach is based on the Peirson et al. (2002) preliminary evaluation 
phase (Table 6). It was modified to:  
· use an analysis (with respect to estuary values and hydrologic stress) that is consistent with 
freshwater methods 
· include an economic analysis 
· use existing data sets. 
When the macro plans have been completed for NSW, the next step will be to concentrate on 
undertaking further detailed studies in areas with specific issues that require a more focused 
approach than that provided by the macro process. NSW therefore employs a Peirson et al. (2002) 
two-staged approach (see Table 6). The Shoalhaven estuary is an example of a detailed investigation 
phase. Other examples include the Wyong and Manning river estuaries. 
NSW also considers groundwater impacts on estuaries as part of its groundwater sharing plans. At 
the time of preparation of this report, a report covering the surface water and groundwater 
assessment of all NSW estuaries was being finalised. The intention is to release the completed report 
as part of the public consultation and involvement process. 
The macro water sharing plan process in NSW follows 12 steps to determine environmental flow rules 
(Figure 5) (Department of Natural Resources 2006). The twelve steps in the NSW macro water 
sharing plan process are described in further detail below. 
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Figure 5: Summary of the twelve steps in the NSW macro water sharing plan process 
Step 1. Define 
management units and 
flow dependencies
Step 2. Estimate 
Hydrological Stress
Step 3. Determine 
Instream Values
Step 4. Determine 
sensitivity and risk to 
reduced flow
Step 5. Estimate 
extraction value and 
community dependence 
on extraction
Step 6. Determine river 
types
Step 7. Estimate risks to
instream values
Step 8. Consider policies 
and River Flow 
Objectives
Step 9. Determine 
indicative trading rules 
(dealings)
Step 10. Determine the 
indicative water access 
rules
Step 11. Document 
Existing rules
Step 12. Rules 
recommended by 
Regional Panels
 
Notes: Steps 1 to 5 are technical steps that involve collection of or analysis of data, while steps 6 to 12 involve utilisation of that 
data, plus existing information, to derive the rules. 
Step 1: Define management units and determine flow dependencies  
This step involves dividing the study area of the plan into management units based on water sources, 
which often cover multiple catchments. For each catchment, the flow relationships between water 
sources are highlighted to indicate the flow of water from one water source to the next, and hence the 
possible downstream impacts (i.e. cumulative impact) of upstream extraction. For example, water 
sources are chosen so that : 
· the rules can be sensibly applied across the water source or management zone 
· the water sources are accorded with local extraction arrangements, including existing water user 
groups 
· the water sources are based on hydrologic catchments 
· the water sources end at the confluence of major tributaries 
· estuary water bodies and tidal pools are considered separate water sources and are determined 
by using tidal and mangrove limits. 
Step 2: Estimate hydrologic stress 
Hydrologic stress (the amount of water extracted relative to a specific river flow) is an important 
indicator of the likely competition among extractors, the level of usage and the likely stress placed on 
the instream environment. It is normally calculated as the ratio of extraction (based on peak daily 
demand) to supply (based on a flow that is available for a percentage of time): 
Flow Available
Demand Extraction  Stress Hydrologic =  
Hydrologic stress for each water source is based on current water licence entitlements and it 
assumes full development of all access licences. This is generally greater than the actual volume of 
water being currently extracted, but it reflects potential extraction. Extraction demand can be based 
on surveyed crop types. Where flow information is not available or where extraction is affecting 
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another indicator (such as the depth of water in a lagoon or the change of salinity in an estuary), then 
estimates of hydrologic stress are made based on regional expertise and local knowledge. 
Step 3: Determine instream values 
This step requires the collation of information from a list of attributes important for determining 
instream values that are vulnerable to water extraction. These values relate to ecological (intrinsic) 
aspects, such as using the levels of modification of estuaries from the OzEstuaries database, 
economic (non-extractive use) and cultural (place) values, as well as declared special areas 
(e.g. critical habitat, SEPP 14 wetlands), and threatened or endangered species, ecological 
communities and populations. The attributes are scored and entered into a spreadsheet to determine 
relative instream values. Where information is not available, a regional panel may make a subjective 
judgment. Assessment is undertaken for each major catchment or, in the case of estuaries, the 
marine bioregion. 
Step 4: Determine estuary sensitivity and hydrologic risk from reduced 
freshwater inflow 
To determine the hydrologic risk to an estuary from changes in inflows, the hydrologic stress from 
extraction in its catchment is either increased or decreased depending on the level of estuarine 
sensitivity. High hydrological stress is reduced to medium hydrologic risk if the estuary has low 
sensitivity to changes in inflows. Conversely, low hydrological stress is increased to medium 
hydrologic risk if the estuary is highly sensitive to freshwater inflows.  
A low and high flow sensitivity spreadsheet is prepared for each marine bioregion. Attributes based on 
estuary type—following the classification of Roy et al. (2001)—are used to derive sensitivities (Table 
8). The catchment spreadsheets are used to determine the cumulative hydrologic stress for the 
estuary (or parts of the estuary) based on Step 2. The cumulative hydrologic stress and the low-flow 
inflow sensitivity are then compared to determine hydrologic risk for the estuary (see Table 9). The 
hydrologic risk is then used in the determination of the trading and access rules. 
Freshwater inflows have varying impacts on different estuaries depending on, for example, the time 
water is retained in the estuary. Extraction during low river flows needs to be considerate of the 
freshwater and saltwater interactions of each estuary and it needs to be carefully managed for local 
circumstances. Low flow sensitivity gives an indication of those interactions and can be determined by 
examination of the estuary attributes (Department of Natural Resources 2006). 
Table 8: Criteria for estuarine sensitivity to reduction in freshwater inflow 
Sensitivity Justification Examples 
High Sensitivity 
Small creeks and rivers with a 
catchment area of less than 
100 km2 with upstream 
terminal wetland or lake 
Natural conditions have sufficient 
freshwater discharge to maintain an 
open entrance; or headland provides 
protection from entrance closure from 
beach sand movement. Groundwater 
also a major contributor to upper 
freshwater reaches. Most sensitive to a 
reduction in freshwater flows causing 
movement of salinity gradient 
South West Rocks 
Creek, Limeburners 
Creek, Cudgera Creek 
and estuary, Saltwater 
Creek 
Freshwater/Brackish barrier 
lakes.  
Natural condition has very little or no 
marine influence, heavily reliant on 
fresh surface or groundwater inflows.  
Natural reduced inflows will increase 
salinities through evaporation or 
migration upstream of salt wedge 
Cudgen Lake, Broken 
Head Creek, Myall Lakes 
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Sensitivity Justification Examples 
Intermittently open coastal lagoons 
with low catchment to estuary 
surface area ratio (less than 75) 
and therefore remain closed for 
long periods of time (greater than 
1 year) 
Open occasionally during high flow and when 
storm waves breach entrance beach berms.  
Quickly closed by beach sand movement 
Reduced freshwater inflows would increase 
salinities through evaporation leading to hyper 
salinity and for very shallow systems (< 1metre 
deep), drying of lagoon bed 
Tilba Tilba Lake, Coila Lake 
Rivers with a very large catchment 
area greater than 500 km2 and a 
very long river system with a tidal 
pool reaching 50 km or greater, but 
less than 100 km inland 
Freshwater extraction during periods of low 
river flow would cause upstream excursion of 
salinity gradient, such that a permanent tidal 
pool becomes temporary 
Hunter River, Manning River, 
Macleay River, 
Intermittently open coastal rivers, 
creeks and lagoons (area less than 
0.5 km2) prone to quick entrance 
closure and therefore open less 
than 50 per cent of the time 
Open occasionally during high flows or from 
storm waves breaching entrance beach berms 
While these systems will generally open once a 
year, because of their small surface area, their 
predominantly closed nature will increase 
salinities through evaporation and may also dry 
their beds 
Meringo Ck, Merrica River 
Medium Sensitivity 
Small creeks and rivers with 
catchment area less than 100 km2 
with no trained entrance or 
upstream terminal wetland or lake 
Medium sensitivity to a reduction in freshwater 
flows causing movement of salinity gradient 
into upper reaches 
Tidal pool ephemeral  
Moonee Ck, Boambee Ck, 
Evans River, Crooked River, 
Tomaga River, Candlagan 
Creek  
Rivers with a catchment area 
between 100 and 500 km2  
Catchment area provides moderate freshwater 
flushing 
Freshwater extraction during periods of low 
river flow would cause increased salinities in 
upper reaches 
Sandon River, Bonville 
Creek, Mooball Ck, 
Brunswick River, Wooli Wooli 
River, Minnamurra River 
Rivers with a very large catchment 
area greater than 500 km2 and a 
very long river system with a tidal 
pool reaching 100 km or greater 
inland 
Catchment area provides large volumes of 
freshwater and long and attenuated estuary 
results in permanent tidal pool 
Freshwater extraction during periods of low 
river flow would cause upstream excursion of 
salinity gradient  
Richmond River, Clarence 
River, Hawkesbury River, 
Shoalhaven  
Permanently open barrier estuaries 
or open more than 50 per cent of 
the time, with large catchment to 
estuary surface area ratio (greater 
than 25) 
Catchment area provides adequate freshwater 
discharge to maintain entrance open most of 
the time  
Freshwater extraction during periods of low 
flow would cause upstream excursion of 
salinity gradient in upper reaches of feeder 
streams 
Murrah Lagoon, Pambula 
Lake 
Small coastal rivers and creeks 
(area less than 0.5 km2) open 
more than 50 per cent of the time  
These systems stay open most of the time 
generally because of their low entrance 
exposure and are therefore generally oceanic 
salinity 
Congo Creek 
Low Sensitivity  
Small creeks and rivers with a 
catchment area of less than 
100 km2 with trained entrance 
These systems have modified tidal hydraulics, 
salinity regimes and gradients due to entrance 
training works 
Complete turnover of estuary on tidal cycle 
means they are predominately marine 
Coffs Harbour Ck, Bermagui 
River 
Bays The effect of freshwater inflows into these 
estuaries is minimal 
High tidal interchange with similar features to 
open ocean 
Botany Bay, Jervis Bay, 
Ulladulla Harbour, Batemans 
Bay, Twofold Bay 
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Sensitivity Justification Examples 
Drowned valleys The effect of freshwater inflows into these 
estuaries is minimal 
High tidal interchange with similar features to 
open ocean 
Port Stephens, Pittwater, Port 
Jackson, Port Hacking 
Rivers with a very large catchment 
area (greater than 500 km2) and a 
tidal pool reaching less than 50 km 
inland 
High dilution from freshwater inflow due to very 
large catchment area 
Tidal pool disappears during extended periods 
of low flow 
Tweed River, Bellinger River, 
Nambucca River, Hastings 
River, Manning River, Karuah 
River, Georges River, 
Crookhaven River, Clyde 
River, Moruya River, Bega 
River, Towamba River.  
Permanently open barrier estuaries 
with small catchment to estuary 
surface area ratio (less than 25) 
Predominantly saline lagoons with high dilution 
and tidal flushing capacity 
Minimal salinity gradient in all feeder streams 
under all flow conditions 
Wagonga Inlet, Merimbula 
Lake 
Source: Department of Natural Resources (2006) 
 
Table 9: Calculation of hydrologic risk to estuaries, as a factor of flow sensitivity and 
cumulative hydrologic stress 
 Hydrologic stress 
Low Medium High 
Se
ns
iti
vi
ty
 to
 in
flo
w
 High Medium hydrologic risk High hydrologic risk High hydrologic risk 
Medium Low hydrologic risk Medium hydrologic risk High hydrologic risk 
Low Low hydrologic risk Low hydrologic risk Medium hydrologic risk 
Source: Department of Natural Resources (2006) 
Step 5: Estimate extraction value and community dependence on extraction 
Assessment of the relative dependence of the local communities on water extraction is based on: 
· the volume and economic value of water extracted 
· the social benefit of water extraction.  
The method estimates community dependence on extraction by considering the dollar value of water 
extraction, and the local communities’ resilience to change. 
Step 6: Determine river types 
The applicability and implications of access rules vary significantly across river types. For example, 
water sharing rules for inland watercourses would not necessarily work for estuaries. Every water 
source is placed within a type classification, including estuaries and tidal pools.15
                                                 
15 In general terms, tidal pools are the upper fresh water or brackish water sections of estuaries. Under normal 
freshwater inflow conditions they usually extend downstream from the tidal limit to an area near the upstream limit of 
mangroves (NSW Government, undated). Tidal pools refer to the parts of estuaries that are periodically subject to: 
 The river type 
determines the suite of water sharing options, so that the rules are appropriate. 
§ tidal water level fluctuations 
§ salinities that are diluted to a concentration suitable for opportunistic water use for a range of purposes. 
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Step 7: Estimate risks to in-stream values 
This step estimates the risk to ecological values from extraction in each water source, and involves 
two factors, assessment of risks and cumulative impacts: 
stress Hydrologic   valueEcological   valueEcological Risk to ´=  
The calculation of hydrologic stress of lower catchment water sources must therefore incorporate 
extraction in all upstream tributaries, as well as extraction from within the water source. 
Step 8: Consider policies and river flow objectives 
Macro water sharing plans need to follow the following legislative and policy directions: 
· the Water Management Act 2000, which provides the legal basis for NSW water sharing plans 
· the State Water Management Outcomes Plan, which sets out the policy context, targets and 
strategic outcomes 
· the river flow objective, which represents the key features of flow regimes that support 
environmental values 
· NSW Government policy advice to water management committees, which was developed during 
the first round of water sharing plans. 
Step 9: Determine indicative trading rules (dealings) 
All, or part of the volume of water attached to a licence, can be traded. Trading within a water source, 
or from one water source into another (or management zone), is seen as an important tool for making 
both environmental and economic improvements. 
Step 10: Determine the indicative water access rules 
The economic dependence (Step 5) and instream risk (Step 7) are compared to determine the water 
access rules. Economic dependence is considered important in determining the access rules and an 
attempt is made to minimise any socio-economic impact. By using instream risk, the water sharing 
rule could offer strong protection to those water sources with high risk ecological values. 
Step 11: Existing rules 
For each water source, existing water sharing arrangements are documented. These include: 
· any formal or informal water sharing rules used by the Department of Natural Resources or water 
user groups 
· existing licence conditions 
· any land board or Land and Environment Court rulings 
· the location of any existing gauges or control points 
· whether existing licence conditions reflect different levels of access to flow (e.g. are there 
currently both high flow and low flow users). 
Step 12: Rules recommended by regional panels 
Steps 1 to 10 allows for a technical assessment by regional panels. The rules in steps 9 and 10 are 
indicative and are provided for guidance only. A comparison of the indicative rules with existing 
arrangements allows regional panels to judge the adequacy of the existing rules in terms of protecting 
values and managing risks. The regional panels are given responsibility for ensuring recommended 
rules reflect local situations and for documenting reasons for any changes from the indicative rules. 
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Regional panels have flexibility in applying rules to account for specific circumstances, such as 
retaining current water sharing rules where they achieve at least the same level of environmental 
protection and provide for basic landholder rights. In all cases, the regional panels need to ensure 
that, regardless of the water source classification, adequate consideration is given to: 
· the river flow objectives 
· known flow requirements of threatened species, populations and communities 
· protection of instream refuge habitats 
· specific rules for instream values 
· protection of basic landholder rights. 
The panels can also consider specific requirements of threatened species in relation to key 
reproductive needs, migration or other particular ecological activities. 
The macro approach contains a mechanism to limit adverse social and economic impacts. Where the 
existing rules are not consistent with the panel’s recommended rules, then the initial change is limited 
to one step in the order of rules, unless a higher level of ecological protection can be realised by other 
means. The panel then determines a timeframe and the further steps required to achieve the 
recommended rules during the life of the plan. 
The regional panel can also identify where the existing arrangements are clearly unsustainable and 
the proposed rules are not likely to achieve adequate river protection in the life of the plan. 
Once all the proposed water sharing rules are determined, a check is done to ensure that the rules 
integrate well from a catchment perspective, and that the interactions between the rules are practical 
and able to be easily understood and implemented. This reflects an important step to identifying key 
methods for facilitating the determination of appropriate environmental flows for estuaries based on 
their sensitivity for changes in freshwater flows. 
3.3.2 Shoalhaven River estuary environmental flows 
The Shoalhaven River estuary, Nowra, provides an example of effort invested in developing a 
methodology specifically for determining environmental flows for estuaries (Boyes 2006a; Boyes 
2006b; Boyes 2006b; Sydney Catchment Authority 2006).  
The approach taken to determine the environmental flow requirements for the Shoalhaven River 
(below Tallowa Dam) involved assessing the water needs of the river’s entire ecosystem, including its 
main river channel, river banks, estuary and important ecological features, such as rare and 
endangered species (Boyes 2006a; Boyes 2006b; Boyes 2006c). It was assumed that if the essential 
features of the river’s natural flow could be identified and adequately incorporated into environmental 
flow rules, the natural ecosystem processes and features would be likely to be maintained or restored 
(Boyes 2006a; Boyes 2006b; Boyes 2006c). 
The environmental flow requirements of the Shoalhaven River estuary were investigated using the 
Peirson et al. (2002) method (Table 6). The detailed investigative phase developed a hydraulic model 
to determine the response of salinity within the estuary to various river flows. This model was used to 
assist assessment of the flow–salinity response on estuarine values (Boyes 2006a; Boyes 2006b).  
3.4 Victoria 
A preliminary framework was developed by Hardie et al. (2006) for the identification of environmental 
flow requirements for Victoria’s estuaries. The framework was designed as an ‘add-on’ module to the 
existing approach for determining the environmental water requirements of freshwater river systems 
(known as the FLOWS method) (DNRE 2002). At the time of preparation of this report, the estuaries 
FLOWS module was undergoing pilot testing.  
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In the absence of a fully tested and endorsed method, environmental flow objectives for seven major 
estuaries in Port Philip Bay and Westernport were recently developed by SKM (2007) using a rapid 
methodology (the Better Bays and Waterways project).  
In the absence of adequate resources and data, a rapid risk assessment approach to consideration of 
environmental flow requirements of the Fitzroy River estuary was devised by Gippel et al. (2008). This 
method, which has general application, has also been applied to the Bass River estuary (Lloyd et al. 
2008) and to China’s Jiao River estuary (Water Entitlements and Trading Project 2007). Although this 
risk assessment method was approved for application in two Victorian estuaries, it is not an officially 
endorsed Victorian environmental flows method.  
The Victorian Coastal Strategy (Victorian Coastal Council 2002) recognised the complexity of artificial 
estuary mouth opening decisions and the need for guidance of estuary managers. A history of 
unlicensed river mouth openings and community concern about the lack of clear, consistent 
guidelines provided the impetus for development of the Estuary Entrance Management Support 
System (EEMSS) (Arundel 2006). The EEMSS is a decision-support tool that guides estuary 
managers when making the decision whether or not to artificially open an estuary. The EEMSS 
ensures a consistent process is followed each time so all assets are considered and openings are 
safe and effective. The EEMSS also provides a means of storing data that can be used to inform 
future management decisions and allow agencies to better target monitoring programs.  
3.4.1 Preliminary Estuary FLOWS framework for estuary 
environmental water requirements assessment 
Hardie et al. (2006) prepared an approach to ensure efficient use of state resources through the 
determination of environmental water requirements for estuaries. The philosophy of the approach was 
to minimise the environmental risks associated with any decision on the environmental water 
requirements for an estuary. 
The Estuary FLOWS module incorporates consistent elements, including: 
· a multidisciplinary project team and scientific panel 
· a stakeholder reference group 
· objective setting based on values and assets of the estuary 
· risk assessment to determine the important estuarine processes (see Table 6 and Peirson et al. 
2002) 
· conceptual models to link flow components to estuarine processes 
· recommendations for flow based on the flow components used in the existing (freshwater) 
FLOWS method. 
The proposed Estuary FLOWS Framework has three main stages (Figure 6).  
The three stages are comparable and compatible with the FLOWS method for freshwater systems, 
but the method and tools have been tailored for the specific needs of estuaries.  
Details of the steps in each stage (Figure 6) are described in the following pages. At the time of 
preparation of this report, two pilot trials following this method were underway on the Werribee and 
Gellibrand River estuaries. Following the completion of these studies, the preliminary framework will 
be either endorsed or enhanced. 
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Figure 6: Proposed Estuary FLOWS assessment method 
 
Source: Hardie et al. (2006) 
Step 1 Preliminary investigation 
Prior to an Estuary FLOWS study being commissioned, a preliminary investigation should be 
undertaken by the commissioning authority (catchment management authority or other delegated 
organisation), to confirm the need for such a study, verify the availability of key data sets, and develop 
a brief for Stage 1 of the environmental flow determination project. 
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Stage 1—Project scoping (steps 2–7) 
Step 2 Project inception 
This step involves establishing agreed objectives for the project and confirming how they will be 
addressed by the methods proposed by the project team. This step reviews the roles of the project 
team or scientific panel, the client, and the stakeholder advisory committee. It also confirms the 
timelines for project deliverables and discusses future consultation requirements for the project. 
The stakeholder advisory committee is an important source of information for the project. It may 
participate in field inspections, and it should be used to review the outputs of the project at the end of 
each stage. The ‘project inception’ step allows handover of the information sets (research documents, 
maps, strategies and plans, reports on assets and values of the system) on the estuary that are 
known to the client and the stakeholder advisory committee, as well as identifying key contacts for 
further consultation and information collation. 
Step 3 Information and data review 
Information and data review is an essential task, as this allows the study to build upon the existing 
knowledge of the estuary. A minimum dataset for an estuary environmental flow determination should 
consist of: 
· hydrology: daily flows into the estuary 
· bathymetry and geomorphology: identification of the physical attributes of the system (bathymetry 
and geomorphology data are required for approximately half of the analysis tools) 
· dissolved oxygen and salinity structure: measurements of salinity and dissolved oxygen along the 
length, depth and across the estuary 
· ecosystem characterisation: biological assets within the study area 
· relevant plans, strategies and previous studies: documentation of the estuaries values, issues 
and threats related to the water requirements and conservation significance of the estuary 
· estuary attributes: as per Hardie et al. (2006, Table 2-4) 
· estuary mouth opening and closing history. 
A review of the water management and ecological policies and objectives relevant to the project is 
also undertaken to ensure that the environmental flow objectives align with the existing policy 
framework. Local groups, landholders and the stakeholder advisory committee are an important 
source of historical, anecdotal and documented information, and active engagement of these 
stakeholders is required to allow for the identification of this information. 
A review of the hydrological information relating to the project is conducted. In most situations, the 
project would be provided with REALM-modelled daily flow series (usually for current and natural 
scenarios).16
· the priority issues that must be addressed in the environmental flow study 
 Some rivers already have REALM models available, and in other cases, the model 
would have to be developed specifically for the estuary environmental flows investigation. Data 
describing the operation, behaviour and manipulation of the water resources system should also be 
reviewed in consultation with operations staff from the local water authorities. 
These reviews will identify: 
· critical data gaps 
· investigations required to infill these critical data gaps 
· preliminary zones within the estuary. 
This step should only identify the availability of information, identification of its sources, collation of the 
available information, and identification of data gaps. This step does not include the commissioning of 
                                                 
16 REALM  = REsource ALlocation Model 
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investigations and field-based data collection programs. Any field-based and other substantive data 
collection programs are the subjects of Stage 2 of the Estuary FLOWS method. 
Step 4 Stakeholder workshop 
A stakeholder workshop is a key step in the project. It allows the stakeholder advisory committee 
members, the client, and key project team members to establish an open working relationship. Other 
participants from stakeholder organisations should also be invited, especially if they hold specific 
information about the estuary under consideration.  
The workshop provides a forum for stakeholders to contribute to the identification of estuary 
ecological assets, their values and objectives for management. This role of the stakeholders in the 
environmental flow determination processes should be clearly articulated at the workshop. 
Step 5 Site inspection and zone assessment 
To provide context for the data review and confirm the zone assessment, an initial site inspection 
should be conducted across the study area. This inspection will review the condition of the estuary, 
the nature and severity of threats, the hydrology, and management of the system, as well as 
confirming the zones of the estuary. 
Zones should be identified to subdivide the estuary in discrete units which help describe and assess 
the: 
· various major habitat types 
· freshwater inputs 
· estuary morphology and structure 
· system operation or control: weirs, barrages, mouth bars 
· key species distribution or breeding. 
Step 6—Values, assets and objective identified 
The values and assets of the estuary are identified on the basis of information collected in earlier 
steps combined with conceptual models of the function and form of estuaries. These conceptual 
models could be existing general models, or models developed specifically for the estuary under 
investigation. The key environmental values and assets are those that determine the nature of the 
estuarine ecosystem and include: 
· vegetation communities: including listed or significant species (ecological vegetation classes) 
· fish species and communities 
· threatened water birds 
· threatened or key macroinvertebrate communities 
· estuary physical attributes 
· key habitats: morphological features, seagrasses, woody debris, rocky and sandy beds, estuarine 
wetlands 
· water quality: lateral and longitudinal dissolved oxygen and salinity; nutrient status and cycling 
· national or international listings: Ramsar, JAMBA, CAMBA, Wetlands of National Importance 
· Peirson’s processes: 19 eco-physical processes that are regarded as critical to estuary function 
and form. 
Specific environmental objectives for the estuary in question are then developed to address each of 
these assets and values and ensure the maintenance of a healthy estuarine ecosystem. 
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Step 7 Scoping report and brief for Stages 2 and 3 
The scoping report documents the investigations in the preceding steps, including: 
· a description of the biodiversity, ecological processes, hydrology and operation of the system 
· a list of the flow-dependent environmental assets 
· key physical attributes of the system: refer to Table 2-4 in Hardie et al. (2006), including a 
discussion of estuary physical processes including occurrence of mouth opening 
· preliminary conceptual models of estuary processes, providing the justification for data 
requirements and proposed analysis. This may include a broad description of the flows, including 
the seasonality that will be required to sustain these assets. 
The scoping report and project briefs are then submitted to the stakeholder advisory committee for 
review, ‘reality-checking’ and comments. 
Stage 2—Data collection (step 8) 
Step 8 Investigations to fill knowledge gaps 
This stage comprises the acquisition of data, including monitoring of the estuary. Key data collection 
would include: 
· hydrology 
· bathymetry 
· dissolved oxygen and salinity structure 
· ecosystem characterisation. 
This stage encompasses the establishment of any necessary quantitative models and the analysis 
tools necessary to: 
· identify the flow components necessary to maintain the ecological and physical processes within 
the estuary 
· predict the impacts associated with modifications to the flow regime. 
Stage 3—Analysis and assessments (steps 9–17) 
Step 9 Scientific panel site assessment 
A field inspection of the target estuary is undertaken by the scientific panel (project team), stakeholder 
advisory committee and others (such as operational staff of management agencies) with specific 
knowledge of the estuary under investigation. 
Step 10 Determine ecological flow objectives 
Flow objectives are developed for each identified asset. This may be assisted by consideration of the 
processes identified by Peirson et al. (2002) to identify flow requirements for each asset.  
Step 11 Develop issues paper 
An issues paper is prepared by summarising the outcomes of the project to this stage. It also 
specifically identifies the environmental objectives and flow objectives for each zone within the 
estuary. The paper identifies the current environmental and hydrological conditions of the estuary, the 
role of catchment-sourced water in determining the flow regime, and the trajectory of ecological 
conditions. The scope for water management to address threats identified during the project is 
evaluated with regard to operational constraints and references to economic and social demands. The 
issues paper should also identify the non-flow related threatening processes that potentially interact 
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with enhanced streamflows, and determine what risks they might pose to the achievement of 
ecological objectives. 
The issues paper is reviewed by the stakeholder advisory committee. It represents a ‘hold point’ in the 
project to ensure that all issues have been raised and data have been identified.  
Step 12 Modelling and application of analysis tools 
This step entails the quantitative analysis of conceptual models and agreed criteria using appropriate 
analysis tools. Quantitative analysis should be structured for each of the Peirson et al. (2002) 
processes applicable to the subject estuary. 
Step 13 Modelling and analysis report 
An analysis and modelling report is provided that details the modelling techniques adopted, the 
structure and layout of models, any assumptions made in the calibration and modelling, and the 
results of modelling analysis. Levels of uncertainty should be identified in the analysis report. 
Step 14 Scientific panel workshop 
The scientific panel meets to use the hydraulic models and the outputs of other analysis tools to refine 
and detail the environmental flow objectives as set out in the issues paper. These workshops benefit 
from input from the stakeholder advisory committee. The flow recommendations for each ecological 
objective are documented against the analysis metric criteria and parameter values established for 
important processes (Peirson et al. 2002). 
This process enables the specific flow required to meet each ecological objective to be characterised 
in hydrological terms. The panel uses these outputs to develop feasible and achievable 
recommendations for environmental flow provisions. 
Step 15 Preliminary environmental water requirement recommendations 
Following the scientific panel workshop, the environmental water requirement recommendations are 
fully documented and explained in a draft report. The steering committee and stakeholder advisory 
committee then review this report. 
Step 16 Stakeholder workshop 
A further stakeholder workshop is held (including the same participants in the first stakeholder 
workshop) to review and discuss the draft environmental water requirement recommendations of the 
scientific panel.  
The outcomes of this second stakeholder workshop are reviewed by the project team and the 
stakeholder advisory committee, and comments are incorporated into the final report. 
Step 17 Final report 
The results of the estuary flow determination are reported as single set of requirements, comprising: 
· a table of processes assessed, criteria used and analysis adopted 
· a table detailing the flow component recommendation, the controlling process and criteria. 
Importantly the reporting must provide clear links between identified assets, objectives for these 
assets, conceptual models that describe the relationship between the asset objectives and the flow 
regime, quantitative analysis of these relationships, and the environmental water recommendations. 
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3.4.2 Better Bays and Waterways approach to estuary 
environmental flow assessment 
The Better Bays and Waterways project specifically focused on establishing which water quality 
related processes posed a threat within each estuary, so it did not assess ecological or 
geomorphological objectives for the estuarine systems. Rather, only those processes that were 
specifically ascribed to water quality by Peirson et al. (2002, p.48) were considered.  
The assessment approach (SKM 2007) comprised eight components: 
1. Introduction and physical description—Introduced the estuary type and environmental flows 
assessment history. Spatially defined and discussed the key physical characteristic of each 
estuary including any bathymetry and cross section data 
2. Water quality characteristics—Presented and discussed key water and sediment quality data for 
each estuary. Introduced new data generated from the fieldwork component undertaken as part of 
the project. Due to the direct linkage between sediment and water quality, a separate subsection 
for sediment characterisation was included in this component 
3. Estuarine hydrodynamics—Described and discussed the key hydrodynamic features of the estuary 
including salt wedge dynamics and residence times. The applications of Kuelegan’s equation for 
estimating the salt wedge position was also applied where appropriate  
4. Catchment hydrological assessment—Assessed catchment flow stress using the flow stress 
ranking methodology (FSR), and presented monthly, and were available daily, flow exceedance 
curves. An effort was also made to combine the hydrodynamic assessment of salt wedge position 
in the estuary with daily flow exceedance. This combination provided insight into the likely 
occurrence of dominant water phase (marine, mixed or fresh). The flow diversion percentages for 
each catchment were also presented to provide an understanding of the specific nature of water 
utilisation within each catchment 
5. Estuarine processes risk assessment—A risk assessment of the key estuarine processes that 
threaten water quality in each system was a useful tool for synthesising the current understanding 
of water quality issues in each estuary. It also provided a logical step in the justification of the final 
environmental flow objectives. The likelihood of the processes occurring was heavily reliant on the 
interpretation of available information, whilst the potential consequence was primarily focused on 
water quality endpoints.  
6. Environmental flow objectives—An environmental flow objective, based on the Peirson et al. 
(2002) processes, was documented for any estuarine process that scored a medium or high in the 
estuarine processes risk assessment. In some cases, existing environmental flow objectives 
existed, and these were compared and appropriately referenced. The flow objectives were 
discussed and agreed during a specialist workshop.  
7. Management advice for environmental flow recommendations—This component provided a 
synthesis of the key outputs from the specialist workshop. Discussion of the key processes and, 
where available, flow requirements that were likely to address the water quality environmental 
flow objective, were presented. Comments were also included on the confidence level associated 
with the recommendations.  
8. Conclusions—This component represented an essential summary of the environmental flow 
assessment for each estuary. Key features and recommendations for further work were also 
included.  
3.4.3 Estuary flows risk assessment 
Due to a lack of information on the hydrodynamics of the Fitzroy River estuary, Gippel et al. (2008) 
were unable to make specific recommendations for flow components using the FLOWS method. As 
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an alternative, a risk assessment was undertaken to determine the relative risk posed to ecological 
assets by reductions in three key hydrological indices. 
The three selected indices were: 
· summer baseflow magnitude (low flow component) 
· winter baseflow magnitude (high flow component) 
· frequency of mouth opening and subsequent flushing events (proportion of years with potential for 
event) 
The change in the hydrological indices was calculated for six modelled hydrological scenarios—
relative to unimpaired. The scenarios involved various combinations of land use and climate change, 
and also various passing flows from a proposed weir on Lake Condah (located in the Darlot Creek 
tributary). Change in baseflow index was calculated as the change in the flow that was exceeded 
50 per cent of the time for the summer and winter periods. The change in frequency of mouth opening 
and flushing was based on the percentage of years with an event thought to overcome this threshold. 
A list was made of the ecological assets that were potentially at risk of impairment from a reduction in 
the three hydrological indices. The assets were rated according to three conservation status classes, 
with the consequence of change (consequence) increasing with a higher conservation status. Degree 
of change (likelihood of impairment due to the predicted hydrological change) was ranked into four 
classes. The product of consequence and likelihood gave risk of impairment, which was grouped into 
five classes, ranging from very low (insignificant) to very high (Figure 7).  
 
Figure 7: Risk matrix, showing classes of risk of impairment for product of consequence and 
likelihood scores 
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1 very low low moderate moderate
2 very low moderate high high
3 very low moderate high very highC
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Source: Gippel et al. (2008) 
 
Consequence and likelihood scores were assigned to each ecological asset through an expert 
workshop process. Risk scores were calculated for each asset for the current scenario and for the five 
future scenarios. An example of the risk assessment results for three of the scenarios is shown in 
Figure 8. For these cases, the degree of reduction in summer and winter baseflow was lowest for the 
Current scenario, was higher for the  2030 land use (current climate) scenario and was highest for the 
2030 land use plus dry climate scenario (Figure 8). The risk of ecological impairment increased in a 
non-linear way with the degree of reduction in summer and winter baseflow. The only scenario to 
have a significant impact on estuary opening frequency potential was the 2030 land use plus dry 
climate scenario (Figure 8). This approach was also used to evaluate the relative risk to the estuary of 
different passing flows from Lake Condah. The results of this analysis were used to help make 
recommendations for environmental flows in Darlot Creek, which is the major tributary of the Fitzroy 
River. 
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Figure 8: Risk of impairment to three key classes of ecological assets in Fitzroy River estuary 
in response to hydrological changes associated with three hydrological scenarios 
   Current 2030 land use, 
current climate, 
with weir and 
20 ML/d passing 
flow 
2030 land use, 
dry climate, with 
weir and 
20 ML/d passing 
flow 
Index Asset 
code 
Con-
sequence 
Likelihood Risk Likelihood Risk Likelihood Risk 
change 81 $ 67 ML/d 
($17%) 
81 $ 62 ML/d 
($23%) 
81 $ 47 ML/d 
($42%) 
1A 3 2 6 2 6 2 6 
1B 3 2 6 2 6 2 6 
1C 2 1 2 2 4 2 4 
1D 2 2 4 2 4 2 4 
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1E 1 1 1 1 1 1 1 
         change 283 $ 266 ML/d 
($6%) 
283 $ 223 ML/d 
($21%) 
283 $ 119 ML/d 
($58%) 
2A 3 0 0 2 6 3 9 
2B 3 0 0 2 6 3 9 
2C 2 0 0 1 2 2 4 
2D 2 0 0 1 2 2 4 
2E 1 0 0 2 2 3 3 
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2F 3 0 0 1 3 2 6 
         change 78% - 78% yrs (0%) 78% $ 78% yrs (0%) 78% $ 63% yrs 
($15%) 
3A 3 0 0 0 0 2 6 
3B 1 0 0 0 0 1 1 
3C 2 0 0 0 0 1 2 
3D 2 0 0 0 0 1 2 
R
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n 
in
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ng
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eq
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y 
3E 2 0 0 0 0 2 4 
  
Notes: Change is relative to unimpaired scenario; Common assets for each of the three hydrological 
change indices are colour coded; Source: Gippel et al. (2008) 
3.4.4 Estuary Entrance Management Support System (EEMSS) 
Many of the estuaries in Victoria intermittently close following the formation of a sand bar at the mouth 
of the estuary. This usually occurs during periods of low freshwater inflow (Arundel 2006). Estuary 
mouth closure results in an increased water level within the estuary and inundation of adjacent areas. 
The higher water level can cause flooding of agricultural land and infrastructure such as jetties and 
roads but there are also environmental benefits associated with flooding of adjoining wetlands and 
fringing vegetation. Socio-economic costs associated with flooding are alleviated by artificially 
opening the estuary mouth. However, there are potential environmental impacts associated with this 
intervention. Although the most obvious is a mass ‘fish kill’, other impacts such as loss of fish 
spawning and bird nesting habitat also need to be considered when deciding whether or not to open 
an estuary (Arundel 2006).  
The EEMSS (Estuary Entrance Management Support System) provides a comprehensive 
assessment of the potential impact to the various social, cultural, economic and environmental assets 
associated with both opening and not opening the estuary mouth. This information is used only to 
guide the estuary manager’s decision, which is made after comparing the impact of both scenarios 
(Arundel 2006).  
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The EEMSS is consistent with an asset-based approach, which is currently used in natural resource 
management in Victoria. An impact assessment, based on an assets-threats model ensures a 
consistent process is used when making the decision whether or not to open an estuary. It also 
ensures that the decision considers the environmental, cultural and socio-economic values of 
estuaries identified in the community workshops (Arundel 2006). Impact scoring is done using an 
asset–threat matrix (similar to that in Figure 7). Once the impact assessment report is reviewed, the 
manager makes a decision and includes its rationale on the report. If the recommendation is to open 
the estuary it should be noted that the decision is conditional on also meeting the requirements of the 
checklist report (Arundel 2006). The checklist identifies the actions the manager needs to undertake 
to ensure an opening is safe and effective and that all legislative requirements are satisfied (Arundel 
2006). 
The EEMSS model is divided into three parts (Figure 9): 
· data that are common to all estuaries: including the rules developed for scoring the assets and 
threats 
· data that are specific to an estuary: to be added to tailor the EEMSS for use on each estuary 
· information that is required at the time of making the opening decision. 
 
Figure 9: Conceptual model of EEMSS (Estuary Entrance Management Support System) 
 
Source: Arundel (2006) 
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3.5 Tasmania 
Environmental flow assessments are required for water management planning and for guiding the 
sustainable use of water resources in Tasmania. The freshwater requirements of estuaries are 
considered as part of the assessment process. 
Prior to 2005, environmental flow assessments were based on the minimum amount of water required 
to maintain instream habitat for aquatic flora and fauna. However, as demand for water increased, 
water users looked to other parts of the flow regime (e.g. floods) to complement their water needs. 
Consequently there has been a shift toward assessing all components of the flow regime and the 
water requirements for the entire ecosystem.  
Tasmania is in the process of developing and refining an environmental flow assessment 
methodology. Work commenced in 2004–05 by defining the Tasmanian Environmental Flows 
Framework (TEFF) (DPIW 2007). At the time of preparation of this report, the second stage was 
underway. This stage aims to test and refine the framework through pilot assessments of six river 
systems. The present project is called the Tasmanian Environmental Flows Project (TEFlows Project).  
The following sections present: 
· an overview of the environmental flow methods historically applied in Tasmania 
· descriptions of the TEFF and TEFlows projects 
· a detailed discussion of the present methods that are recommended for the determination of 
freshwater flows in Tasmanian estuaries. 
3.5.1 Historical approaches 
Gippel (2002) reported on work undertaken in Tasmania that was relevant to flow needs of estuaries. 
A number of estuary studies had been undertaken, including the Macquarie Harbour study (Koehnken 
1986), the Tamar Estuary study (Pirzl and Coughanowr 1997), the Derwent Estuary Program 1999–
2002, classification of Tasmanian estuaries (Edgar et al. 1999), mapping of inshore marine habitats 
(Barrett et al. 2001) and the Huon Estuary Study (CSIRO 2000). The latter study was undertaken in 
southern Tasmania from 1996–1999 and it investigated the interplay of human activity and natural 
processes upon the waterway. The projects aims and objectives were to: determine the sources, 
distribution and cycling of nutrients; trace the links between nutrients and algal blooms; evaluate 
processes such as fish farming and rainfall that contribute organic matter to sediments; and determine 
the distribution and composition of organic material beneath fish cages. 
At the time of Gippel’s (2002) report, only two environmental flow studies had been undertaken in 
Tasmania. Davies and Kalish (1994) examined the effects of upstream storages on the flushing of the 
Derwent Estuary; and Davies et al. (2002) investigated specific flow requirements for the upper 
Derwent Estuary through modelling the relationship between flows and ecosystem functioning.  
Minimum environmental flows have been recommended in more than 40 Tasmanian catchments—
many of which are unregulated or semi-regulated—using a number of methods that can be classed as 
hydrological or habitat-based assessments (DPIW 2007, pp. 7–9). An example of one commonly used 
hydrological approach that is used for assessing small storages is the so-called ‘SKM Tool’ (SKM 
2002). This approach basically recommends which flows should be passed unhindered by the 
storage: in summer, the flow exceeded 70 per cent of the time should be passed unhindered; and in 
winter, the flow exceeded 80 per cent of the time should be passed unhindered. Davies and 
Humphries (1996) developed a risk assessment framework for habitat-based assessments in 
freshwater rivers in Tasmania. This framework designates a level of risk to instream biota based on 
the degree to which wetted habitat is reduced as discharges decreases, and the consequential risk of 
species loss.  
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3.5.2 Tasmanian Environmental Flows Framework (TEFF) 
The Tasmanian Environmental Flows Framework (TEFF) guides the assessment and 
recommendation of environmental flow regimes for Tasmanian catchments. The framework builds on 
the hydraulic modelling previously used for setting minimum flows, and it incorporates the principles of 
the natural flow paradigm (Poff et al. 1997) and the holistic methodology (Arthington et al. 1998). 
Thus, it is founded on the principal that the ecology of a riverine system has evolved to the pattern of 
the natural flow regime. It is assumed that the lowest risk to maintaining the freshwater-dependent 
values of that system is to retain, as far as possible, the pattern of the natural flow regime. The 
Queensland ‘top down’ benchmarking methodology adopts this philosophy, only allowing certain 
components of the flow regime to be removed from the river for off-stream consumption if it can be 
demonstrated that their removal presents low risk. The difference with the approach taken in the 
TEFF, and also the Victorian FLOWS methodology, is that they are examples of the ‘bottom-up’ 
approach, which relies on identification of the key flow components that must be retained in order to 
maintain the ecological health of the river—theoretically, the rest of the flow can be removed, with low 
risk to ecosystem health. 
Literature reviews were completed to identify the role of hydrological variability in the functioning of 
riverine ecosystems and to highlight suitable methods for determining the key flows required to 
sustain these ecosystems. The TEFF thus provides guidance on flows likely to maintain: riparian 
vegetation; geomorphological values; and the habitat, spawning and migratory requirements of native 
freshwater fish. The Marine Farming Branch of the Department of Primary Industries and Water 
contributed a literature review addressing the freshwater requirements of estuaries (DPIW 2007, 
Appendix F).  
The TEFF resembles bottom-up holistic approaches applied elsewhere, and it reflects the common 
goals water managers around Australia are attempting to achieve. It broadly aims to link the physical 
heterogeneity and biota present within a river to specific flow events, and then to link these flow 
events to specific environmental flow objectives. The framework has four major components: 
· characterise the freshwater-dependent values and hydrology of the system to derive targeted 
objectives for the environmental flows 
· conduct relevant field assessments and hydraulic modelling to identify important flows to meet the 
objectives 
· conduct hydrological analyses to define the pattern of occurrence of important flows 
· recommend the flow regime required to meet the environmental flows objectives, including rules 
for abstraction. 
The TEFF was designed to provide guidance on how to assess, determine and recommend 
environmental flow regimes for Tasmanian catchments. A key recommendation with respect to the 
methodology to be used was to ensure transparency and objectivity in the process, especially with 
respect to the final flow recommendations being explicitly related back to ecological objectives 
(DPIW 2007, p.10). To achieve this, the TEFF recommended the use of the Flow Events Method 
(Stewardson and Gippel 2003) taking advantage of the River Analysis Package software (Marsh et al. 
2003) to undertake the analysis. The Flow Events Method was originally conceived for application in 
freshwater rivers rather than estuaries, and its application to estuarine situations will require 
reconsideration of some aspects of the method as presented in Stewardson and Gippel (2003). 
3.5.3 Tasmanian Environmental Flows (TEFlows) Project 
The aim of the TEFlows Project is to test and refine the framework by investigating the influence of 
flow change on the physical and biological structure of freshwater dependent ecosystems, including 
wetlands and estuaries (DPIW 2008). It will build on the known flow requirements of freshwater-
dependent biota and processes, and it will contribute to the development of appropriate indicators to 
measure the success of the implemented environmental flows. 
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The TEFlows Project is focused on six catchments that represent two extremes of the hydrological 
‘types’ found across the spectrum of Tasmanian rivers. The study catchments are as follows (see also 
Figure 10): 
· the Ringarooma River, the Great Forester River, and Dans Rivulet (a tributary of the upper South 
Esk)—these are all in the north-east of the state and have a relatively predictable hydrology with 
low flow variability. They tend to display low flows in summer, high flows in winter, and floods 
generally occur in winter and spring 
· the Little Swanport River, the upper Macquarie River, and Brushy Plains Rivulet (a tributary of the 
Prosser River)—these are all located in eastern Tasmania. These catchments have unpredictable 
hydrology and high flow variability. Floods occur unpredictably, and cease-to-flow periods are a 
natural occurrence. 
Figure 10: Location of TEFlows study catchments 
 
Source: DPIW (2008) 
3.5.4 Estuarine environmental flow methods 
As part of the TEFF project, general guidelines were prepared for recommending environmental flow 
regimes for Tasmanian estuaries (Appendix F, DPIW 2007). With respect to recommending a 
methodology, the authors endorsed the framework and ten-step process proposed by Peirson et al. 
(2002) (Table 6). They described most of the steps as relatively time and cost effective, but 
recognised that the detailed investigative phase Step 1 (modelling) and Step 4 (risk assessment) 
were critically important, yet the most difficult, given the lack of available data. The authors provided 
suggestions as to how to tackle various aspects of an estuary assessment. 
General studies of Tasmanian estuarine ecology and functioning have tended to concentrate on large 
estuaries such as the Derwent River, Tamar, Huon River, Bathurst Harbour and Macquarie Harbour. 
However, these large estuaries are considered atypical of the most common types of estuaries in 
Tasmania, representing all five of the drowned river valleys (Edgar et al. 1999) and, with the 
exception of Macquarie Harbour, being tide-dominated systems (Heap et al. 2001). The detailed 
investigations carried out at these estuaries far exceed the scope envisaged for a typical estuarine 
environmental flow assessment. Thus, for the majority of Tasmania’s estuaries, the list of suggestions 
compiled in DPIW (2007, Appendix F), coupled with the ten-step approach of Peirson et al. (2002) 
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(Table 6), represents the general framework in use for Tasmanian estuaries. A summary of the 
Appendix F from DPIW (2007) suggestions follows: 
Estuarine boundary  
For administrative purposes, it is important to define a precise seaward geographic boundary of an 
estuary. The Tasmanian approach defines the line between headlands on either side of the ocean 
entrance as the downstream extent of the estuary. This definition is in line with the National Principles 
for the Provision of Water for Ecosystems (ARMCANZ and ANZECC 1996), in which there is no 
provision for coastal or marine waters within the definition of water dependent ecosystems. However, 
the authors recognise that freshwater and brackish plumes from large rivers can extend some 
distance offshore, and that these flows have been correlated with ecological responses such as fish 
migration events. 
The upstream limit of an estuary is defined by two criteria: (i) as the maximum upstream limit of saline 
incursion; and (ii) as the point where river levels are no longer impacted by tidal variations. It is not a 
trivial exercise to evaluate these criteria because the processes involved are highly variable and there 
is a paucity of data. Consequently, there remains an element of subjectivity in the definition of the 
upstream estuarine limit. 
Function of freshwater flows 
To assist in determining the effect of freshwater flow on estuaries (and thus management objectives), 
it may be useful to consider the major functions of freshwater flow on estuarine processes as 
consisting of: 
· mechanical processes, whereby the physical force of freshwater flowing through the estuary 
affects geomorphic processes and contributes to the mechanics of mixing (in addition to wind and 
the tide) 
· sediment and nutrient delivery to estuaries, which is transported by the freshwater flow and tends 
to be dominated by high flows 
· physical habitat, especially with respect to salinity gradients within the estuary and hence habitat 
availability for both benthic species and those that reside within the water column 
· dilution of point source pollutants, which most commonly enter an estuary from urban runoff. 
Indicators 
Evaluation of altered salinity distributions and mouth opening regimes using the simple ‘condition’ 
indicators drafted by the CRC for Coastal Zone, Estuary and Waterway Management was suggested 
as a starting point. The authors noted that indicators are also required to characterise biological and 
habitat extents. They recommend considering indicators to characterise stressors including: 
sedimentation rates; algal blooms; total and dissolved nutrients within the water column and 
sediments; loss of sessile biota; and dissolved oxygen levels.  
Spatial scale 
Ecosystem values, impact assessment and flow management objectives should all be described 
spatially in respect to location within distinct functional zones within an estuary, such as the marine 
delta, central basin, fluvial delta, riverine channel (Roy et al. 2001). 
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Estuarine characterisation 
Characterisation of the following aspects of an estuary is regarded as essential to any holistic 
quantitative or qualitative assessment of flow: 
· geomorphic type 
· conservation status 
· environmental values (protected, community, etc) and objectives 
· trophic state 
· residence time, and flushing time 
· sediment, nutrient and carbon loads 
· salinity profile and mixing 
· depth 
· freshwater flow 
· macrophyte and phytoplankton dominance in the system 
· mouth opening regime. 
Key estuarine ecosystem components 
The following components are regarded as essential to the maintenance of ecological health and 
functional integrity in Tasmanian estuaries, and they should be included in any holistic quantitative or 
qualitative assessment: 
· mouth status 
· oxygen concentrations in bottom water 
· salinity profile 
· sediment denitrification efficiencies 
· phytoplankton and macrophyte community structure 
· channel maintenance and flushing 
· intertidal habitats. 
Qualitative risk assessment 
For low-risk estuaries (e.g. tide dominated) or estuaries of lower conservation value, a qualitative risk 
assessment may suffice in setting a preliminary flow regime within an adaptive management 
framework, based on key abiotic variables such as salinity, dissolved oxygen, channel maintenance 
and mouth status. 
Quantitative assessment 
In addition to a qualitative risk assessment, a quantitative assessment of altered freshwater flows is 
required for estuaries of high risk (e.g. wave-dominated estuaries), higher ecological importance or 
higher conservation value. Quantitative data are extremely limited for most Tasmanian estuaries. 
Quantitative assessment may utilise the SERM II model, although it is recommended that utilisation of 
this model be undertaken in consultation with the developers of the model. Ecologically or 
economically important estuaries may require more complex modelling of freshwater flow effects, and 
they may include biotic variables such as denitrification efficiencies and primary producer community 
structure. 
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Applicability of freshwater flow regimes to estuarine requirements 
Recognising the needs of water dependent ecosystems other than just freshwater processes is the 
basis for assessment of the freshwater flow needs of estuaries. However, it must be recognised that 
methods for determining flow regimes for the freshwater component are considerably more advanced 
than for estuaries. Also, freshwater-only processes would generally be less complex and variable than 
those operating within estuarine systems, and so flow regimes should be easier and less costly to 
determine than for estuaries.  
Utilise external expertise 
Much recent research effort on the structure, function and ecological responses of estuaries has been 
conducted in south-eastern and south-western Australia, where climate and estuarine types are 
similar to those that occur in much of Tasmania. In particular, there is significant modelling expertise 
within CSIRO and GeoSciences Australia. The Tasmanian Aquaculture and Fisheries Institute 
undertakes ongoing research into freshwater flow requirements for Tasmanian estuaries. Accessing 
this expertise will assist in the appropriate determination of freshwater flow requirements for estuaries. 
3.5.5 Summary for Tasmania 
The ten step method suggested by Peirson et al. (2002) (see Table 6 of this report) has been adopted 
as the basis of the Tasmanian approach to assessment of estuary flow needs. A set of detailed 
suggestions as to how to implement the method in Tasmania has been compiled. Finally, the authors 
of Appendix F in DPIW (2007) make four salient points with respect to the establishing the freshwater 
flow requirements of estuaries in Tasmania, these are: 
1. Estuary managers should accept that precise quantitative answers cannot be provided regarding 
the impact of inflow reductions on the ecology of estuaries. 
2. An adaptive management approach with a risk-based assessment (although not ideal given initial 
uncertainty and potential for change to flow regime) is all that is possible given the paucity of 
relevant knowledge. 
3. Any implemented flow regime is viewed as an interim condition to be revised once substantial 
knowledge is gained through research and monitoring. 
4. To account for the potentially high level of ecosystem complexity, a range of ecosystem 
components (i.e. holistic approach) should be targeted. 
3.6 South Australia 
3.6.1 Environmental flow determination for estuaries 
The draft estuary policy for South Australia (DEH 2005) makes only one reference to the approach 
that should be taken for determining environmental flows. It charges natural resource management 
(NRM) boards to: 
… identify minimum and maximum environmental flow needs for estuaries and ensure they are provided using a 
whole-of-catchment approach (methods specifically identified for estuaries under the NHT National River Health 
Program should be trialed). (Outcome 1, Strategy 1, Action 1.1.3, Dot 3, page 18) 
Thus, South Australian NRM boards are directed to employ the ten-step approach proposed by 
Peirson et al. (2002). 
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The draft policy also enunciated a series of 15 guiding principles that could be considered a decision 
support system. These were: 
1. The maintenance of healthy estuaries, to achieve economic, social and environmental objectives, 
relies on good management and protection of the following main elements:  
– water quantity and quality 
– habitat and biodiversity 
– connections between catchments, sea and adjoining habitats.  
2. Management of estuaries should be consistent with ratified national and international agreements. 
3. Activities within estuaries should be managed in an ecologically sustainable way. 
4. Carefully manage existing (and future) public access to estuaries and associated wetlands. 
5. Protection and management of healthy estuaries is more cost effective and ecologically 
preferable than rehabilitation and restoration of degraded estuaries. 
6. Planners and decision makers from all levels need to take into account, in an integrated manner, 
all uses and activities on our estuaries. 
7. Ecologically sustainable development and biodiversity conservation in estuaries should be based 
upon bioregional planning. 
8. Individual estuaries and associated habitats should be considered as a whole unit when planning 
for their use. 
9. Estuaries are recognised as having unique ecological characteristics that need to be maintained. 
10. Land adjoining estuaries should be maintained to protect biodiversity and aesthetic values of 
estuaries. 
11. The conservation of selected estuaries should be based on ‘Comprehensive, Adequate and 
Representative’ reserve criteria.17
3.6.2 Principles for providing water to the environment 
 
12. The presence of species of conservation concern (including those identified as endangered, 
vulnerable and rare or those of which we have limited knowledge) should be considered in 
determining priorities for the conservation of estuaries. 
13. Community knowledge, understanding and interest should be fostered to achieve better 
management of estuaries. 
14. Estuaries planning and management should be based on well-founded research and monitoring. 
In its absence, the precautionary principle will apply (i.e. the lack of well-founded research and 
monitoring should not be a deterrent to planning and management actions that protect estuaries). 
15. Monitoring and research should be used as an important tool to detect changes in the health of 
estuaries and used to inform the review of the estuaries policy and action plan. 
The need to provide water for environmental outcomes is a key feature of the South Australian 
Natural Resource Management Act 2004 that underpins water allocation plans across the state. A 
number of principles have been agreed as the basis for determining environmental water provisions 
for the water allocation plan. These are, as interpreted by the Adelaide and Mount Lofty Ranges 
Natural Resources Management (AMLR NRM) Board (2007): 
1. The environment is a legitimate user of water, and therefore environmental water provision within 
a water allocation plan cannot be considered an ‘optional extra’. 
                                                 
17 This should have a reference 
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2. Provision of water for the environment is not aimed at returning existing water dependent 
ecosystems to a ‘pre-European’ condition but rather to maintain, and where necessary reinstate, 
the environmental water requirement. 
3. An environmental water provision should be allocated before allocating water to other users. 
4. An environmental water provision should match as closely as is practicable—given social and 
environmental constraints—the environmental water requirement. If it does not, strategies need to 
be implemented to ensure that over time it does. 
5. An environmental water provision needs to be as secure as any other water entitlement. 
6. An environmental water provision must be linked to specific ecological objectives or outcomes. 
Within the above framework, water for the various flow regimes should be provided: 
· to water dependent ecosystems whose water requirements have been determined by the 
appropriate science and prioritised in accordance with community and conservation values of 
ecological significance  
· where and when it is possible and practicable to provide the water 
· through mechanisms that ensure equity (i.e. appropriately weigh the ecological, economic and 
social implications of providing the required environmental flows). 
3.6.3 Estuary information packages 
Estuaries information packages have been developed by the Department for Environment and 
Heritage (DEH 2007) to support NRM bodies, state and local government and other agencies in 
undertaking planning and management in estuarine areas. Estuaries information packages have been 
developed for five NRM regions: 
· Eyre Peninsula 
· Northern and Yorke 
· Adelaide and Mount Lofty Ranges 
· Eyre Peninsula 
· South East. 
Each estuary information package refers specifically to the environmental flow requirements of the 
NRM region. However, at this point they provide an overview of impacts to natural flow, as 
environmental flow determinations have (in general) not been undertaken. 
A Murray barrage operating strategy is being developed by the Department of Water, Land and 
Biodiversity Conservation and the South Australian Murray–Darling Basin NRM Board to help manage 
environmental flows for the region including the estuary. Models have been developed to optimise 
management of the Murray Mouth, including the current dredging operation. Models of water quality 
including salinity have also been developed to assist with understanding the system and with estuary 
management. 
Specific studies have been completed on important estuaries including the Onkaparinga, Coorong 
and Lower Lakes. In the case of the Onkaparinga, SKM (2003) used the FLOWS Method (DNRE 
2002) as the basis for determining environmental water requirements.  
3.6.4 Lower Lakes, Coorong and Murray Mouth—Living Murray Icon 
Site 
In 2004 the Department of Water, Land and Biodiversity Conservation established the Environmental 
Flows Working Group for Lower Lakes and Coorong. The delivery of environmental water to icon sites 
is governed by The Living Murray Environmental Watering Plan and the icon site environmental 
management plans. 
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The environmental watering plan provides the framework for application of water to icon sites to meet 
the ecological objectives under the First Step decision. The Living Murray First Step Decision sets out 
a number of objectives for each of the six icon sites. The overall objective for the Lower Lakes, 
Coorong and Murray Mouth Icon Site is (MDBC 2006): 
A healthier Lower Lakes and Coorong estuarine environment 
This objective contains three sub-objectives. These have been refined during development of the icon 
site plan to more fully describe desired outcomes for this Icon Site. These objectives are: 
· an open Murray Mouth 
· more frequent estuarine fish spawning and recruitment 
· enhanced migratory wader bird habitat in the Lower Lakes and Coorong. 
A specific assessment method has been applied to determine the environmental water requirements 
of the Lower Lakes and Coorong systems. An overview of the approach was provided by MDBC 
(2006, p.22). Conceptual models for the Lower Lakes and Coorong include: 
· freshwater inputs to the system, and associated water quality parameters 
· physical processes such as wind and Murray Mouth opening 
· various ecological processes, which are influenced by water quality parameters and physical 
processes 
To complement these models, more detailed conceptual models have been created for individual 
components, such as wading birds and mudflat habitat, invertebrates, aquatic plants and fish.  
The models illustrate the complexities of the Lower Lakes, Coorong and Murray Mouth Icon Site and 
compel managers to gain and consider as much knowledge about the site as possible. A risk 
management approach is being developed to aid complex decision making regarding operation of 
levers such as the barrages to ensure that decisions affecting one component of the system do not 
adversely affect other components. This understanding is also critical to adaptive management at the 
site to achieve better ecological outcomes. The models are based on current understanding of how 
the systems work, and are closely linked to the objectives and targets identified for the Icon Site. 
Ultimately, the water regime required to achieve a variety of ecological benefits has been defined as a 
series of hydrographs that show current water levels compared with ‘ideal’ water levels for the Lower 
Lakes, and the North and South Lagoon of the Coorong. These hydrographs also illustrate periods of 
flow and the timing of these flows that are important for various species. The hydrographs inform the 
Barrage Operating Strategy for the Icon Site. 
The continuing drought has meant that there have been limited opportunities for environmental water 
management in 2006–07. During that time, only 22 gigalitres of water was utilised for management 
under The Living Murray. Of that total, 4.7 gigalitres of environmental water was delivered to the 
Lower Lakes, Coorong and Murray Mouth in the form of barrage fishway releases in the Lower Lakes, 
with good results. Monitoring in late 2006 indicated that certain fish species, such as Common 
Galaxias Galaxias maculatus and Congolli Pseudaphritis urvillii, migrated upstream following 
spawning, and Short-headed Lamprey Mordacia mordax were also recorded (MDBC 2007b). 
3.7 Western Australia 
To be consistent with the National Principles for the Provision of Water for Ecosystems (ARMCANZ 
and ANZECC 1996), the Water and Rivers Commission adopted the concepts of ecological water 
requirements and environmental water provisions. Ecological water requirements are the water 
regimes needed to sustain key ecological values of water-dependent ecosystems at a low level of 
risk, and are determined using the best available scientific information. Environmental water 
provisions are the water regimes that are to be maintained. They are set by water allocation decisions 
that may involve some compromise between ecological, social and economic goals.  
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The approach to identifying important components of surface water ecosystems for protection is 
based on the holistic approach of the form recommended by Arthington et al. (1992) and Arthington et 
al. (1998). This approach assumes that the natural flow regime maintains, in a dynamic manner, the 
shape of river channels, the instream biota, riparian vegetation, floodplain and wetland systems, and 
any estuarine and off-shore systems affected by streamflows.  
A general approach to the establishment of environmental water requirements and provisions for both 
groundwater and surface waters has evolved, but Water and Rivers Commission (2000) did not 
indicate if the same approach applied to estuaries. This process is carried out with active public 
consultation and usually involves a number of steps (Figure 11 on p. 71).  
In a review of ecological water requirements for the Hill and Moore river estuaries in Western 
Australia, Close (2005) reviewed, and provided examples of, four categories of approaches used to 
determine flow requirements. The four approaches are specifically designed to address different flow 
related issues, and are: 
· holistic ecosystem approaches 
· inflow based approaches 
· resource-based approaches 
· condition-based approaches. 
Close (2005) also reviewed specific methods being used in Australia and elsewhere. In response, 
Close (2005) suggested a hybrid technique that addressed some of the identified deficiencies and 
combined the strengths of many of the existing systems.  
The approach recommended by Close (2005) was a holistic methodology, undertaken in a Bayesian 
Adaptive Management Framework (Bayesian Adaptive Framework for FLows to maintain Estuarine 
Resources: BAFFLER) (Figure 12 on p. 72). This approach relies on risk assessment, and 
incorporates levels of uncertainty in an assessment and prediction of estuarine response to altered 
freshwater inputs. The method incorporates iterative feedback mechanisms to test a priori 
understanding and hypotheses, which are particularly powerful for management of natural resources 
in knowledge-poor environments (Close 2005). This approach was adaptive, which Close (2005) felt 
was particularly suited to the determination of ecological water requirements of estuaries due to the 
usual limited availability of specific knowledge.  
The majority of estuarine research and assessment in Western Australia has been done in estuaries 
recognised as being under risk, including Albany Harbour, Wilson Inlet, Leschenault Inlet, Peel-
Harvey Inlet and the Swan Canning estuary (Barton 2003). Specific management plans have been 
developed for these five estuaries on the basis of this research. Inventories of knowledge on the 
numerous small southwest estuaries were compiled in the late 1980s (Barton 2003). 
The flow dependence of some estuaries in Western Australia has been investigated in detail. One 
example is Waychinicup estuary (south-western Australia), which is dominated by tidal and swell 
exchange with the ocean and which receives seasonal, but low, freshwater inflows (Phillips and 
Lavery 1997). Despite the dominance of oceanic exchange in the estuary, Phillips and Lavery (1997) 
determined that freshwater inflow was a key determinant of the composition and distribution of biota.  
The Centre for Fish and Fisheries Research, Murdoch University undertook a three-year study on the 
fish faunas of the Stokes, Culham and Hamersley inlets on the south coast of Western Australia 
(Murdoch University 2005). These normally-closed inlets are becoming increasingly exposed to highly 
elevated salinities. The number of species, abundance and species composition of fishes underwent 
relatively minor changes in Stokes Inlet, reflecting the modest increases that occurred in salinity in 
this estuary. In contrast, the number of species and abundance declined markedly in Hamersley and 
Culham inlets as salinities rose markedly, and by the end of the study, all but one small species of 
Atherinidae in the main body of Hamersley Inlet and of all fish in the corresponding region of Culham 
Inlet had died (Murdoch University 2005). Massive mortalities of Black Bream Acanthopagrus 
butcheri, estimated in one case to exceed one million, occurred as a result of the development of very 
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high salinities in the Culham and Hamersley inlets. These were disastrous events in view of the great 
importance of Black Bream as a recreational and commercial fish species (Murdoch University 2005).  
 
Figure 11: Environmental water provisions in the water allocation process in Western Australia 
 
Source: Water and Rivers Commission (2000), as slightly modified by Close (2005) 
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Figure 12: BAFFLER, recommended framework for assessing the freshwater requirements of 
the Hill and Moore River estuaries 
 
Source: Close (2005) 
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The Centre for Fish and Fisheries Research at Murdoch University developed a quantitative approach 
to classifying habitat types in south-western Australian estuaries and determining the extent to which 
the compositions of the fish and invertebrate faunas are related to those habitat types. This study built 
on a project that was conducted in nearshore marine waters along the lower west coast of Australia 
between 2000 and 2004, and which led to the identification of six main habitat types and their fish and 
invertebrate fauna (Murdoch University 2005). In this project, a diverse range of nearshore sites 
throughout the permanently-open Swan River and the Peel-Harvey estuaries on the lower west coast 
of Australia were each allocated to one of a number of habitat types on the basis of a suite of 
enduring environmental criteria. These criteria fell under the following three broad headings: 
(i) location of each site with respect to its vicinity to marine and freshwater sources; (ii) exposure to 
wave activity; and (iii) composition of the substrate and area occupied by any submerged vegetation 
(Murdoch University 2005).  
Estuary management plans have been completed or are near completion of several south coast 
lagoons (Culham, Stokes and Wellstead Inlets). Environmental flow assessment of two south coast 
estuaries (Wilson and Torbay Inlet) is currently being conducted using a modified BAFFLER approach 
(see Figure 12).  
3.8 Northern Territory 
Kennard (2007) reported on a project that is currently investigating variation in fish distribution and 
ecological requirements in the Daly River, as well as documenting Indigenous knowledge and 
learning about the cultural significance of fish. This information will be combined to produce models 
relating fish ecology and flow, which can be used in water planning. The knowledge gained will also 
be applicable to other river systems in northern Australia and for future planning processes. The 
Wagiman Rangers and Wardaman traditional owners have joined as partners in the project and have 
contributed their time and knowledge to fish sampling activities at a number of sites. The project 
steering committee comprises representatives from recreational fishing, tourism, conservation, water 
planning, fisheries and primary industries, Wardaman Association, Wagiman and funding agencies. 
The Northern Territory coastal catchments have distinct wet and dry seasons. Typically the wet 
season spans December to mid-April, and the rest of the year is the dry season. Some catchments 
receive flows all year due to groundwater discharges, whilst others cease to flow in the middle of the 
dry season. To date, no direct study has been done on estuary dependence on freshwater flows, 
although relevant research is underway (David Williams, Coastal and Marine Hydrology, Land and 
Water Division, Department of Natural Resources Environment and the Arts  April 2008, pers. 
comm.).  
The Northern Territory Government has a policy that all decisions on natural resource and 
environment will be based on scientific evidence. The Northern Territory Government has 
partnerships with the Charles Darwin University (based in Darwin) and the Tropical Rivers and 
Coastal Knowledge Research Hub (TRaCK18
The Northern Territory Government has done significant work on Darwin Harbour, which has a plan of 
management (Darwin Harbour Advisory Committee 2003). Work has been undertaken, and is 
continuing, on a range of physical and water quality models. The outputs of water quality models will 
be integrated and incorporated into a user-friendly decision-support system which will be utilised in 
statutory planning and decision-making processes in the Northern Territory by planning authorities, 
decision-makers and community groups enabling these end users to better understand the impacts of 
economic growth and activity on Darwin Harbour. The Darwin Harbour Water Quality Protection Plan, 
) to deliver science and culturally aware solutions. 
TRaCK is a consortium that undertakes collaborative research to underpin the sustainable 
management and development of riverine and coastal ecosystems across northern Australia. There 
are a large number of current and proposed TraCK related projects in the Northern Territory.  
                                                 
18 See <http://www.griffith.edu.au/environment-planning/australian-rivers-institute/resources/tropical-rivers-and-coastal-
knowledge>, accessed 20 June 2008. 
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which will be developed over the next three years, will identify and address key water quality risks to 
the values of Darwin Harbour and its catchment, as outlined in the Australian Government’s water 
quality initiative Framework for Marine and Estuarine Water Quality Protection (Environment Australia 
2002). 
Detailed investigations of the ecology and geomorphology of some Northern Territory rivers have 
been conducted. Faulks (1998; 2001) and Kirby and Faulks (2004) investigated the Daly River, Roper 
River and Victoria River catchments, respectively. Although mention was made of linking the work to 
the environmental flows initiative, the reports did not utilise any of the data collected to make specific 
recommendations on environmental flows. In addition to the models for Darwin Harbour, David 
Williams (Coastal and Marine Hydrology, Land and Water Division, Department of Natural Resources 
Environment and the Arts April 2008, pers. comm.) has built numerical hydrodynamic and water 
quality models for the Daly Estuary, Lower Mary River and Arafura Swamp.  
3.9 International frameworks 
Many countries have tackled the problem of how to best assess and manage environmental flow 
needs of estuaries. Development of frameworks for assessing the freshwater flow needs of estuaries 
began in the mid-1970s. One of the first frameworks was devised by Fruh and Lambert (1976) and 
Lambert and Fruh (1978) for the Corpus Cristi Bay, Texas. In the United Kingdom, Binnie, Black and 
Veath Engineering Consultants (1998) provided a systematic procedure for assessing the freshwater 
flow requirement for estuaries based on: environmental assessment to identify the severity of impacts; 
risk assessment based on the likelihood of an estuarine standard being derogated; and simple, 
intermediate or complicated computational modelling depending on the level of risk. Two more recent 
frameworks are briefly described below: the South African Framework and the Integrated Water 
Resources Management (IWRM) Framework. 
3.9.1 South African framework (Adams et al. 2002) 
In the Republic of South Africa, consideration of the freshwater flow needs of estuaries is well 
advanced (Taljaard et al. 1999). The National Water Act (Act 36 of 1998) in South Africa recognises 
basic human water requirements as well as the need to sustain the country’s freshwater and 
estuarine ecosystems in a healthy condition for present as well as future generations. In this Act, 
provision is made for a water reserve to be estimated prior to the authorisation of water use through 
licensing. This reserve is the water required to satisfy basic human needs and to protect aquatic 
ecosystems to ensure present and future sustainable use of the resource.  
The recommended framework for estuaries in South Africa is based on the same approach used for 
freshwater parts of rivers, with the assessment undertaken by a team of estuarine scientists and 
managers. Taljaard et al. (1999) later published their methodology, with a case study application, in 
Adams et al. (2002). Six steps are involved in the framework (Figure 13). The most limiting factor in 
estimating the water quantity requirements of estuaries is the lack of data on the role of floods and 
seasonal high flows (magnitude and frequency) in maintaining the sediment erosion and deposition 
equilibrium. Consequently, a generic guideline for rapid assessment is that flows with more than a 
1.5-year average recurrence interval are protected. Another generic guideline states that if an estuary 
is permanently open, its sensitivity to reduction in seasonal baseflows is assumed to be high and, 
therefore a reduction in seasonal baseflows should not be considered (Taljaard et al. 1999).  
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Figure 13: Flow chart of the six-step method for the determination of Rapid Resource Directed 
Measures for estuarine ecosystems 
Step 1: Delineate the geographical boundaries
The geographical boundaries of the estuary are positioned using ortho photomaps, 
aerial photographs and available information on saline water penetration and water 
level fluctuations upstream.
t  : li t  t  i l ir r
 r ic l ri s f t  st ry r  siti  si  rt  t s, 
ri l t r s  v il l  i f r ti   s li  t r tr ti   t r 
l v l fl ct ti s str .
Step 2. Assess the present state and reference condition
The description of the present state and reference condition can vary from a 
detailed quantitative characterization based on measured data, to a narrative 
statement based on expert opinion.
t  .  t  t t t   f  itir r r
 scri ti  f t  r s t st t   r f r c  c iti  c v ry fr   
t il  tit tiv  c r ct riz ti  s   s r  t , t   rr tiv  
st t t s   x rt i i .
Step 3. Determine the present health and importance of the estuary
Health is determined using The Estuarine Health Index, which is sub-divided into a 
habitat health score determined by abiotic variables and a biological health score 
determined by biotic variables.
t  . t i  t  t lt   i t  f t  tr r r r
lt  is t r i  si   st ri  lt  I x, ic  is s - ivi  i t   
it t lt  sc r  t r i  y i tic v ri l s   i l ic l lt  sc r  
t r i  y i tic v ri l s.
Step 4. Determine the Ecological Reserve Category
The Category is based on the present health and the ecological importance score. 
The level to which the Ecological Reserve Category is elevated relative to present 
state is motivated on the basis of the importance of the estuary.
t  . t i  t  l i l  tr r r
 t ry is s   t  r s t lt   t  c l ic l i rt c  sc r . 
 l v l t  ic  t  c l ic l s rv  t ry is l v t  r l tiv  t  r s t 
st t  is tiv t   t  sis f t  i rt c  f t  st ry.
Step 5. Set the Reserve for water quantity
To derive the water quantity component of the Reserve, hydrological modeling is 
used to generate river runoff scenarios for reference and present conditions and for 
realistic future conditions.
t  . t t   f  t  titr r r
 riv  t  t r tity c t f t  s rv , y r l ic l li  is 
s  t  r t  riv r r ff sc ri s f r r f r c   r s t c iti s  f r 
r listic f t r  c iti s.
Step 6. Design a monitoring program
The purpose is to improve the confidence in the Reserve assessment, to verify 
predictions made during the assessment, and to audit whether the Reserve is being 
adhered to once the licences are allocated.
t  . i   it i  r r r
 r s  is t  i r v  t  c fi c  i  t  s rv  ss ss t, t  v rify 
r icti s  ri  t  ss ss t,  t  it t r t s rv  is i  
r  t  c  t lic c s r  ll c t .  
Source: from information in Adams et al. (2002) 
3.9.2 Integrated Water Resources Management (IWRM) framework 
(Olsen et al. 2006) 
In a project for the United States Agency for International Development, Olsen et al. (2006) proposed 
a five-step framework for management of freshwater inflows to estuaries, based on the concept of 
integrated water resources management (IWRM) (Figure 14).  
The framework of Olsen et al. (2006) was based on two main principles. The first concerned the 
governance process. Governance was seen as a process that should work to understand and 
communicate the interests of the many upstream and downstream stakeholder groups in a linked 
watershed and estuary ecosystem. The central goal is to create and sustain a governance process 
that is just, transparent and accountable to those affected by its actions. The second principle was 
that good governance must, in turn, be supported by the generation and incorporation of reliable 
knowledge that allows affected stakeholders and the project team to better understand, and forecast, 
the consequences of different courses of action. Such knowledge does not flow only from scientific 
endeavour, it also embraces traditional knowledge and the observations of people who know the 
systems of which they are a part (Olsen et al. 2006). The framework of Olsen et al. (2006) was 
grounded in the adaptive management principle.  
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Figure 14: Flow chart of the five-step method for the integration of science and governance in 
the management of freshwater inflows to estuaries 
Step 1: Issue identification and constituency building
1a. Characterise historic and anticipated changes to freshwater flows
1b. Identify stakeholders and their concerns
1c. Evaluate potential future impacts to valued estuarine ecosystem components
1d. Assess the existing management system
1e. Determine the scope and focus of further analysis
t  : I  i tifi ti   tit  il i
. r ct ris  ist ric  tici t  c s t  fr s t r fl s
. I tify st k l rs  t ir c c r s
c. v l t  t ti l f t r  i cts t  v l  st ri  c syst  c ts
. ss ss t  xisti  t syst
. t r i  t  sc   f c s f f rt r lysis
Step 2. Formulate policies and strategies for implementation
2a. Set goals with the stakeholders
2b. Conduct targeted data collection and research
2c. Build Scenarios
2d. Experiment and monitor
t  . l t  li i   t t i  f  i l t tir r r
. t ls it  t  st k l rs
. ct t r t  t  c ll cti   r s rc
c. il  c ri s
. x ri t  it r
Step 3. Negotiate and formalise the goals, policies and
institutional structures for freshwater inflows protection
3a. Win formal endorsement of policies for environmental flows for estuaries
3b. Select the institutional structure for Estuarine Environmental flow policy 
implementation
3c. Secure the funding required for sustained implementation
t  . ti t   f lir t  l , li i  
i tit ti l t t  f  f t  i fl  t tir r r r r r
. i  f r l rs t f lici s f r vir t l fl s f r st ri s
. l ct t  i stit ti l str ct r  f r st ri  vir t l fl  licy 
i l t ti
c. c r  t  f i  r ir  f r s st i  i l t ti
Step 4. Adaptively implement the planning approach
4a. Assess the degree to which the preconditions to implementation have been met
4b. Instigate changed behaviour within government
4c. Instigate changed behaviour of resource users
4d. Instigate changes in financial investments
4e. Monitor and practice adaptive management
t  . ti l  i l t t  l i  r
. ss ss t  r  t  ic  t  r c iti s t  i l t ti  v   t
. I sti t  c  vi r it i  v r t
c. I sti t  c  vi r f r s rc  s rs
. I sti t  c s i  fi ci l i v st ts
. it r  r ctic  tiv  t
Step 5: Evaluate the program and learn from the results
5a. Performance evaluation
5b. Outcome evaluation
t  : l t  t    l  f  t  ltr r r r r
. rf r c  v l ti
. tc  v l ti
 
Source: modified from Figure 5 in Olsen et al. (2006) 
The planning process of Olsen et al. (2006) (Figure 14) is an embellishment of the adaptive 
management framework outlined by Scheltinga et al. (2006) and it provides more detail on how to 
undertake planning for environmental flows for estuaries. Elaboration of each of the steps involved in 
the framework of Olsen et al. (2006) is provided below: 
1a. Characterise historic and anticipated changes to freshwater flows. 
– Conduct a hydrologic assessment of the river basin to assess trends in water use and 
changes in the volume and timing of freshwater inflows to the estuary. 
– Identify water uses within the basin that are having greatest influence on freshwater 
inflows to the estuary. 
1b. Identify stakeholders and their concerns. 
– Engage with key groups in the catchment and estuary and strive to build mutual 
respect and trust between them and the team. 
– Probe and understand the range of stakeholder perceptions of ecosystem change, 
past responses and trends in the condition and use of estuarine resources. 
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1c. Evaluate potential future impacts to valued estuarine ecosystem components. 
– Select the key estuarine values that may be threatened by altered freshwater flows. 
– Define the boundaries of the major issues and the interconnection among issues. 
– Construct conceptual models linking changes in freshwater inflow to key habitat 
conditions and species. 
– Evaluate the strength of quantitative flow–ecology relationships and their potential for 
predicting the ecological consequences of changes in water management. 
1d. Assess the existing management system. 
– Trace the impacts of past catchment and estuary uses and assess planning and 
decision-making processes to evaluate the management capacity of the relevant 
institutions. 
– Assess the strengths and weaknesses within existing institutions as they relate to the 
practice of adaptive ecosystem management; specify the knowledge and skills 
required to successfully practice linked catchment-estuary management. 
– Review the significance of the issues identified. 
1e. Determine the scope and focus of further analysis. 
– Identify the most important uncertainties, knowledge gaps and set priorities for further 
consultation, monitoring and assessments. 
– Determine the geographical boundaries that limit the scope of further issue analysis 
and monitoring. 
– Assemble and distribute an issues paper as an initial statement on the initiative’s 
issue-driven approach and purpose. 
2a. Set goals with the stakeholders. 
– Work with the stakeholders to define the desired societal and environmental 
outcomes that constitute the goals of an integrated catchment–estuary management 
initiative. 
2b. Conduct targeted data collection and research. 
– Probe unknowns and uncertainties posed by potential changes in freshwater inflow to 
the estuary (as identified in Step 1). 
2c. Build Scenarios. 
– Prepare scenarios to highlight the likely consequences of different courses of action 
and strengthen constituencies for a management initiative. 
– Use the scenarios as a means for discussing alternative courses of action with the 
institutions that will be involved in implementing a plan of action. 
– Socialise the results of the research and its implications. 
– Verify, correct, and refine freshwater management issues and their implications with 
stakeholders at the local and national level and identify additional issues if any. 
– Encourage dialogue between scientists, other experts and local communities and 
stakeholders at all levels on the needs and benefits of an action plan. 
2d. Experiment and monitor. 
– Experiment with elements of a potential plan of action and new management regime, 
at a pilot scale. 
– Begin the implementation of a long-term monitoring strategy that will document future 
change relevant to the stated goals. 
– Assemble and distribute the findings. 
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3a. Win formal endorsement of policies for environmental flows for estuaries. 
– Gain support of authorities and select policies and rules for freshwater inflow 
protection. 
– Win the formal commitments necessary for the implementation of the plan of action. 
– Define and obtain the permitting, convocation and/or adjudication authorities that are 
needed to implement the plan of action. 
– Join with the appropriate governmental authorities to present and refine the proposed 
plan of action to stakeholders. 
3b. Select the institutional structure for estuarine environmental flow policy implementation. 
– Select the governance instruments that will promote an advance towards the 
initiative’s goals. 
3c. Secure the funding required for sustained implementation. 
– Estimate the funds will be needed to implement the plan of action. Distinguish 
between long-term core funds and funds for specific shorter-term actions. 
– Secure the funding for an initial phase of implementation. 
4a. Assess the degree to which the preconditions to implementation have been met. 
– Program goals 
– Engaged stakeholders 
– Commitment to action 
– Capacity to implement the program. 
4b. Instigate changed behaviour within government. 
– Implement the plan of action through inter-institutional collaboration. 
– Enforce new rules and procedures in the field. 
4c. Instigate changed behaviour of resource users. 
– Voluntary compliance with rules and procedures. 
4d. Instigate changes in financial investments. 
– Reconsider investments in infrastructure that increase the demand for freshwater. 
– Secure funds for long-term implementation of the plan or program. 
4e. Monitor and practice adaptive management. 
– Monitor changes in freshwater flows and estuarine ecosystem values. 
– Monitor freshwater flows. 
– Monitor freshwater and estuary water quality. 
– Monitor changes in the estuarine ecosystem values. 
– Monitor the behaviours that signal program implementation. 
– Adapt program policies and priorities accordingly. 
5a. Performance evaluation. 
– Assess the quality of execution. 
– Self-assess learning, changes in context, and the need for adaptation. 
5b. Outcome evaluation. 
– Evaluate environmental and social impacts. 
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3.10 Relevance of estuary type to management 
system 
This section addresses the question of whether the type of estuary has a bearing on the methods 
used to investigate the system, and the approach to management of the system.  
3.10.1 Estuary classification systems 
Heap et al. (2001) classified all Australian estuaries and defined the terminology that was used to 
specify estuarine type within the National Land and Water Resources Audit (2002). Classification was 
based on initial modelling of the ratio of wave, tide and river energy at the mouth of the estuary and 
then incorporating the geomorphology of each estuary within the model. This resulted in seven sub-
classes of estuary within the three more general energy-based classes. These were: 
· strandplain 
· tidal flat/creek 
· tide-dominated estuaries 
· tide-dominated deltas 
· wave-dominated estuaries 
· wave-dominated deltas 
· other (e.g. drowned river valleys, coastal embayments and coastal lagoons). 
In an alternate classification scheme, Edgar et al. (1999) used the geomorphic and physio-chemical 
attributes (primarily size, barrier presence, and tidal, salinity and rainfall characteristics) to identify 
nine groups for Tasmanian estuaries. These were: 
· barred, low salinity estuaries 
· open estuaries 
· marine inlets and bays 
· hypersaline lagoons 
· large mesotidal river estuaries 
· mesotidal drowned river valley 
· microtidal drowned river valley 
· large open microtidal river 
· barred river. 
3.10.2 Relevance of estuary type 
Estuary class can highlight the key relationships between freshwater flows and ecosystem processes. 
Heap et al. (2001) described these key relationships for each estuarine class. For example, wave 
dominated systems tend to be smaller and less diverse than tidal-dominated systems and geometric 
data suggests they may be more susceptible (moderate to high risk) to deterioration in water and 
sediment quality. Significant threats to habitat integrity within wave-dominated systems that may be 
relevant to altered freshwater flows include: sedimentation from catchment and marine sources; 
nutrient and toxicant loadings; and the persistent stratification and hypoxia of bottom waters. 
Classification of estuarine type can be used as the basis for identifying an initial set of conservation 
values. Classification is thus important as a starting point for more detailed assessment and 
prioritisation based on the specific characteristics of an estuary. Consequently, estuary type has an 
impact on the detailed methodology employed to assess freshwater flow requirements. However, 
while the details of the investigation may vary, it seems that a common framework is being employed 
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across estuary types, of whichthe ten steps proposed by Peirson et al. (2002) (Table 6) is one 
example. 
In the NSW macro water sharing plan prioritisation method, estuary type is important in determining 
sensitivity of the estuary to reduction in freshwater inflows. Inflow sensitivity is defined as the extent to 
which reduced freshwater inflows affect the salinity of the estuary. A drowned river valley, such as 
Sydney Harbour, is open to the ocean, well flushed and generally characterised by marine features. 
Barrier estuaries are generally long and narrow, water exchange may be slow, and a salt wedge may 
migrate up or down the estuary depending on freshwater inflows. Coastal lagoons have intermittent 
openings and are generally the most sensitive to changes to freshwater inflow. To determine the 
hydrologic risk to an estuary from changes in inflows, the hydrologic stress from extraction in its 
catchment is either increased or decreased depending on the level of estuarine sensitivity. High 
hydrological stress is reduced to medium hydrologic risk if the estuary has low sensitivity to changes 
in inflows. Conversely, low hydrological stress is increased to medium hydrologic risk if the estuary is 
highly sensitive to freshwater inflows.  
3.10.3 Definition of estuary domain boundaries 
From a policy and governance perspective, and also from the perspective of practical estuary 
management, it is important to define the upper and lower boundaries of estuaries. Estuaries are 
sometimes divided into zones, but this is mainly relevant to the scientific (ecological, 
geomorphological or hydraulic) understanding of estuary processes.  
NSW defines the upstream boundary of an estuary as the limit of tidal influence (Department of 
Natural Resources 2008). In many estuaries, the tidal limit is a considerable distance upstream from 
the salinity limit. The actual limit of tidal influence varies with time, depending upon freshwater flows 
and the natural variability of tides. Apart from short-term cyclical changes in response to the ever-
changing ocean tides, the upstream boundary of an estuary can vary over long time spans according 
to both natural processes and artificial disturbance (Department of Natural Resources 2008). For 
example, sand extraction in the vicinity of the limit of tidal influence in the Hawkesbury River has 
caused the tidal limit to move a further 10 kilometres upstream in the past 100 years (Department of 
Natural Resources 2008). 
The downstream boundary of an estuary can be considered as the location where any change in 
bottom topography has no substantial effect upon tidal behaviour within the estuary (Department of 
Natural Resources 2008). The downstream boundary is not always obvious, but it corresponds to the 
seaward limit of the entrance bar in most situations in NSW (the ebb terminal lobe) (Department of 
Natural Resources 2008). Drowned estuary mouths, which do not generally have an entrance bar, 
present a problem for any definition of the downstream boundary of an estuary. In these 
circumstances, a convenient geographical location is usually selected as the downstream limit of the 
estuary (e.g. Sydney Heads) (Department of Natural Resources 2008).  
While NSW defines the upstream and downstream boundaries on the basis of tidal influences, the 
lateral boundaries of an estuary are defined in ecological terms. The lateral boundaries of an estuary 
should embrace all wetlands—salt, brackish and fresh—that interact with tidal and flood flows. The 
lateral boundaries should also include those marshes that are inundated only during extreme tides or 
flood events  (Department of Natural Resources 2008).  
The Queensland Environmental Protection Agency (2007) selects the various estuarine water types 
primarily on the basis of observed differences in water quality rather than specific physical attributes 
of estuaries. While it was recognised that the most direct and appropriate way to define estuarine 
boundaries would be on the basis of hydrodynamic modelling of the exchange between coastal and 
estuary waters, in most situations, such models are not available (Queensland Environmental 
Protection Agency 2007). A surrogate for degree of mixing is the salinity boundary. 
In the South African estuarine flows method, estuary boundary definition is based on ‘… saline water 
penetration and water level fluctuations upstream’. This is not definitive, as these two options can 
produce very different boundaries.  
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The draft Victorian estuary FLOWS method (Hardie et al. 2006) provided no explicit guidance 
regarding delineation of estuary boundaries. However, a brief review of literature found that the 
majority of definitions emphasised the mixing of saline and fresh water, which is also a key biological 
criterion. Citing the classification of Heap et al. (2001), Hardie et al. (2006) provided a table with 
descriptions of the upper, middle and lower estuary zones of the various estuary types, but the 
information is too general to allow unequivocal location of estuary boundaries. Like Hardie et al. 
(2006), Peirson et al. (2002) did not provide guidelines for defining estuary boundaries.  
One important question is whether a dynamic estuary boundary is appropriate from the perspective of 
legislation, policy and management. It would be much simpler if a fixed (at least in the medium time-
scale of around 20 years) boundary could be assigned. One way of doing this would be to define the 
a salinity or tidal threshold in terms of frequency of occurrence. For example, it is known that the 
estuary limit (whether defined by salinity threshold or tidal influence) can migrate upstream under 
conditions of very dry inflows, so the upper limit could be defined as the estuary extent under 1 in 20 
year (or some other value) average recurrence interval drought conditions. Similarly, the seaward limit 
of the estuary, if defined in terms of the penetration of freshwater, could be defined in terms of the 
position of the saline/freshwater interface (a given salinity threshold at some defined depth) under the 
1 in 20 year (or some other value) flood event conditions.  
3.11 Discussion—process frameworks and methods 
The review of flow-assessment methods presently being used to define flow requirements for 
Australian estuaries revealed that most build on existing methods originally developed for freshwater 
riverine areas. As such, in most states the strategies for determining flow requirements for freshwater 
reaches are more advanced than for their estuarine counterparts. To some extent this reflects data 
limitations (estuaries have traditionally not been well represented in long-term monitoring programs, 
and there are few tide gauges established within estuaries) as much as methodological problems 
(e.g. modelling estuary hydrodynamics and sediment dynamics is technically difficult). 
Environmental flow assessment studies in Australia explicitly or implicitly incorporate the principles of 
the natural flow paradigm and the holistic methodology, i.e. they are founded on the principal that the 
ecology of a riverine system has evolved to the pattern of the natural flow regime. It is assumed that 
the lowest risk to maintaining the freshwater-dependent values of that system is to retain, as far as 
possible, the pattern of the natural flow regime. The Queensland ‘top down’ benchmarking 
methodology adopts this philosophy, allowing only certain components of the flow regime to be 
removed from the river for off-stream consumption if it can be demonstrated that their removal 
presents low risk. The difference with the approach taken in the TEFF, and also the Victorian FLOWS 
method, is that they are examples of the ‘bottom-up’ approach, which relies on identification of the key 
flow components that must be retained in order to maintain the ecological health of the river—
theoretically, the rest of the flow can be removed, with low risk to ecosystem health.  
Broadly speaking, approaches for determining the environmental flow requirements for estuaries fall 
into two categories. The first of these, which is largely based on scientific inference, and referred to as 
the ‘benchmarking methodology' in Queensland, attempts to use data from sites distributed along a 
gradient of flow alteration to link the extent of flow alteration with indicators of estuary condition. 
These relationships are then used to assess likely impairment under alternative flow scenarios based 
on stress-condition type models. Problems with this approach include assumptions about cause–
effect relationships, the frequent confounding of flow and non-flow factors in human impacted 
estuaries, and (at least in their current application) the use of simplistic condition metrics. 
The second (deductive) approach relies on a greater conceptual understanding of links between 
freshwater inflows and estuarine processes. This understanding is used to identify critical flow 
components—flows associated with fish spawning for instance, and to use this knowledge to identify 
a flow regime capable of achieving pre-identified objectives. The logic of this approach underpins, for 
example, the FLOWS method used in Victoria, the TEFF (TEFF), and the Living Murray 
Environmental Watering Plan, and it is consistent with the logic outlined in Peirson et al. (2002). In 
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most instances, however, it would seem that the absence of available data on ecological and 
underlying physical processes has a greater influence on the methods capable of being adopted, and 
the likely outcomes of any given study, most of which rely on expert panels and qualitative risk based 
assessments. Nevertheless, the deductive approach may be regarded as superior where sufficient 
knowledge and data are available.  
A third, less widely used approach is to utilise fisheries data as an indicator of estuarine productivity, 
and to relate this to long-term freshwater inflows. Where such data are available they have sometimes 
been instructive in illustrating the importance of (often seasonal) inflows. A recent (as yet 
unpublished) report on the response of estuarine fish species to freshwater inflows will provide a 
valuable contribution in this area. 
From a coordinated national perspective, several of the current state-led initiatives to develop more 
sophisticated flow assessment techniques warrant consideration. As already noted, both existing and 
planned methods in several states share principles with the recommendations arising from the 
national review of Peirson et al. (2002). Undoubtedly, however, only with additional investment in 
research and development and long-term monitoring will it be possible to improve significantly on the 
current approaches.  
It would appear that, given the high cost of undertaking serious scientific investigations of particular 
estuaries to support environmental flow assessments, there is a need to first prioritise estuaries. The 
basis for the prioritisation may vary between states, but it is likely to relate to sensitivity to altered flow 
regimes, existing degree of hydrological alteration, value of assets, and a current or impending 
development proposal for utilisation of the freshwater resources of the estuary. The prioritisation 
methodology should certainly indicate which estuaries require a detailed study, but it should also have 
the capacity to make preliminary estimates of flow needs for the lower priority estuaries. This is likely 
to take the form of a risk assessment. 
A number of process frameworks to guide assessment and management of environmental flows to 
estuaries appear in the literature. These frameworks tend to be based on adaptive management, and 
most stress the importance of strong community involvement.  
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4. Governance arrangements 
As noted by Verspaandonk (2001), the term 'governance' is being used more frequently and often in 
different ways. Four understandings of governance (when used at the national level) were identified 
by Verspaandonk (2001). In order from narrow to broad definition, they were: 
1. the management of public resources, or public administration 
2. the activities of government or the system of governing 
3. government's interaction with civil society and citizens in general—this definition introduces 
actions directed towards government as well as by government 
4. the interaction of traditions, values, institutions and processes that shape society. In this 
definition, government is less central. While still an important player in some interactions, it may 
be marginal or absent in others. A similar approach views governance as the exercise of power in 
society. 
The first three definitions are relevant to the understanding of governance in relation to estuary flow 
management. 
Governance is concerned with the nature of interaction within and between institutions, rather than 
the policy objective being pursued (Verspaandonk 2001). Verspaandonk (2001) listed the flowing 
manifestations of good governance (as viewed from a liberal democratic perspective): 
· accountability 
· democracy 
· efficient and effective administration and program delivery 
· equal rights for all citizens 
· ethical use of public resources and authority 
· individual liberty 
· participation 
· rule of law 
· transparency. 
This forms a reasonable list against which estuary flows governance arrangements can be assessed. 
This section reviews the governance arrangements that are in place for the determination and 
management of the environmental flows for estuaries.  
4.1 National 
At the national level, governance arrangements for environmental flows for estuaries is linked to the 
implementation process for the NWI. In this regard, governance is provided through the National 
Water Commission and the National Competition Council, which have undertaken assessments of 
each state’s progress towards the implementation of the NWI. 
A set of reports are available on the National Water Commission website for each state and territory.19
                                                 
19 See: <http://www.nwc.gov.au/nwi/ncp_water_reform.cfm> 
 
The latest reports are dated at 2005 and provide an indication of how well each state and territory 
government is progressing towards ensuring adequate planning for water including provision for the 
environment. The assessments are based on how well the principles for the provision of water for the 
environment have been achieved, including establishment and administration of water planning 
frameworks, and the provision of water for the environment, including how environmental flows are 
determined. 
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4.2 Queensland 
4.2.1 Water resource planning process 
The preparation of water resource plans and the determination of environmental flows for estuaries 
are administered by the Department of Natural Resources and Water. Management of the coastal 
zone including estuaries is administered through the State Coastal Management Plan by the 
Environmental Protection Agency. Administration for planning is included under the Department of 
Infrastructure. Planning and the administration of estuarine habitat is covered by the Department of 
Primary Industries and Fisheries. The split of government agency responsibility requires integrated 
management and communication frameworks to ensure estuary environmental flows are appropriate.  
Section 342 of the Water Act 2000 provides for the establishment of the Queensland Water 
Commission, which covers the South East Queensland (SEQ) region. It addresses, amongst other 
matters, the principle that water in the SEQ region is to be managed on a sustainable and integrated 
basis to provide secure and reliable supplies of water of acceptable quality for all uses.  
The establishment of community reference panels for the water resource planning process is provided 
under Section 41 of the Water Act 2000, and it must include representatives of cultural, economic and 
environmental interests in the proposed plan area. They have no statutory powers, but can provide 
advice to the government.  
The technical and community panels are not responsible for developing the water resource plan. The 
Queensland Government develops the water resource plan, and government considers the range of 
views expressed by members of the community and technical groups during plan development.  
4.2.2 Role of expert groups 
Expert groups are used in determination of environmental flows in Queensland. This includes a 
technical advisory panel comprising government and scientific personnel who evaluate the best 
available information on aquatic ecosystems and assess the environmental implications of different 
water allocation scenarios (Department of Natural Resources and Water 2007).  
Panel reports are the principal input for developing environmental flow provisions that are proposed in 
a draft water resource plan and offered for public scrutiny and comment prior to plan finalisation. The 
reports are summarised in the overview report, published with the draft plan to explain its provisions 
for sustainably allocating and managing water, and to foster informed debate (Audrey Van 
Beusichem, Department of Natural Resources and Water 2008, pers. comm.). 
The technical advisory panel’s scientific advice is fully considered in developing a water resource 
plan. A community reference panel, comprising economic, cultural and environmental interests, also 
provides input from water users and entitlement holders. This allows the aspirations and concerns of 
the people living in the catchment to be fully considered during the planning process. An Indigenous 
Working Party may also be established to provide input from various Indigenous clans. 
One significant issue recognised in Queensland (and relevant to the other states and territories) is 
that there is insufficient knowledge to quantify the potential benefits of increased environmental flows 
for estuaries. This makes it very difficult to argue the case for increased flows when competing 
against politically sensitive issues such as provision of drinking water (Andrew Moss, Environmental 
Protection Agency 2008, pers. comm.). 
Given the large, basin-wide scale of most water resource plans, there is a risk that the membership of 
the expert and community reference panels will not contain strong representation, if at all, from the 
estuarine areas of the catchments.  
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4.2.3 Plan monitoring 
Monitoring and reporting, required under the Water Act 2000, provides a valuable tool for assessing 
and reviewing the effectiveness of the implemented plan. The information gathered through 
monitoring will also contribute to the growing body of knowledge about river systems in general, and 
about the specific river in question. Also, during the life of a water resource plan, further information 
on ecological assets of estuaries is gathered and their critical links to flow is compiled through the 
Environmental Flows Assessment Program (EFAP). This program seeks to improve the scientific 
information available on environmental flows and their relationship to estuaries as well as other 
ecological assets. It is to be used as the basis for assessing the effectiveness of water resource plans 
and preparing replacement water resource plans at the end of their ten-year life. 
Water resource plans provide for general water monitoring, natural ecosystem monitoring and 
monitoring arrangements in a plan area. General water monitoring focuses on: 
· streamflows, water use and water quality 
· water consumption 
· water use efficiency across all sectors. 
Natural ecosystems monitoring focuses on: 
· volume, frequency, duration and seasonality of streamflows 
· condition of riverine and estuarine habitats, including waterholes and lakes, streambed habitats, 
upper and in-channel riparian zones, flood plains, and wetlands 
· river-forming flows. 
Monitoring of infrastructure-associated factors includes: 
· water quantity and flows 
· water quality, including chemical, physical and biophysical measurements. 
Water infrastructure operators are required to report annually on the implemented monitoring 
programs for storages and other infrastructure, and they must also provide periodic operational 
reports on the management of allocations, streamflows and other matters. The resource operations 
plan sets out the detailed monitoring and reporting requirements, building on the requirements set out 
in the water resource plan. The Minister also reports annually on the implementation of each water 
resource plan and how effectively the plan outcomes are being met (Audrey Van Beusichem, 
Department of Natural Resources and Water 2008, pers. comm.). 
4.3 New South Wales 
The development of water sharing plans involves a governance structure based on using multi-level 
expert groups to assist in determining environmental flows. The expert groups include a project 
control group and a regional panel. The project control group has overall responsibility for the 
strategic direction of the water sharing planning project to make certain that adequate resources are 
available and to ensure that the varying policy and statutory requirements of the relevant NSW 
Government agencies are met. The project control group also makes water-sharing decisions in 
cases where the regional panel (locally represented group) cannot reach agreement. 
The project control group is chaired by the Department of Water and Energy (formerly the Department 
of Natural Resources). The group has representatives from the departments of Environment and 
Climate Change (DECC) (formerly the Department of Environment and Conservation) and Primary 
Industries (DPI) and staff of the former Department of Energy, Utilities and Sustainability (DEUS). 
There are also three catchment management authority representatives. The Department of Water and 
Energy is responsible for overall project management. 
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The plan rules are initially developed by the regional panel. This is an inter-agency group consisting of 
representatives from the Department of Water and Energy, DPI, DECC and the local catchment 
management authority (as an observer). The panel has access to staff from the agencies to provide 
technical and scientific information. The key roles of the panel are to: 
· review the hydrological units or water sources 
· assign economic, social and environmental values and undertake classification for each water 
source 
· review the existing licence conditions as to their suitability 
· make recommendations on the water access and trading rules for each water source 
· assist catchment management authorities with the public consultation on the proposed rules 
· review submissions and make changes, where necessary to the draft water sharing rules. 
An independent facilitator can be engaged to chair the meetings and guide the decision-making 
process. The regional panel uses a consensus decision-making approach, and where agencies have 
particular issues, they are highlighted during the public consultation period for specific attention.  
The regional panel uses local knowledge and expertise in applying the water sharing rules. The 
regional panel can consider the ability to manage and monitor flow in a water source. They can also 
consider any known specific requirements of threatened species in relation to key reproductive needs, 
migration or other particular ecological activities. 
The regional panel can also recommend a staged approach to change, so as to limit adverse social 
and economic impacts. In essence, this proposes that water users be given time to adapt to new 
rules. Where the existing rules are not consistent with the panel’s recommended rules, the degree of 
immediate change (and hence the effect on extractors) can be limited in the short term, unless a 
higher level of protection can be achieved with minimal socio-economic impact. The regional panel 
can then determine a timeframe and the further steps required to achieve the recommended rules 
during the life of the plan. 
The estuary classification undertaken as part of the NSW process assists in determining the optimal 
balance between extraction and retention of water for each water source. These broad-scale, relative 
assessments show where water sharing rules need to strongly protect valuable natural assets by 
limiting extraction or providing for extraction by water users where there is significant community 
dependence on extraction. Generic, indicative rules have been developed for each classification and 
matrix to expedite the development of the water sharing plans by the regional panels. Where 
necessary, the regional panels have refined these indicative rules to reflect local circumstances. The 
‘value’ matrix is used to develop trading rules and the ‘risk matrix used to develop the water access 
rules. The matrix approach can be used as an ‘indicative tool’ to develop initial classifications. While 
these classifications guide the water sharing rules, a major role of the regional panel is to use the 
local knowledge of panel members to check whether the final classifications are realistic. 
Amendments to both the classifications and the management rules by the regional panel are based 
on local and technical knowledge of the water sources.  
Other forums that have been used in NSW include bodies such as the expert panels established 
specifically for assessment of the flow needs of the Hawkesbury Nepean and Shoalhaven River 
systems.  
Development of estuary management plans is guided by individual estuary management committees 
administered by the relevant local council. The program of plan development is supported by a dollar-
for-dollar matching funding from the state government. The process is successful in terms of 
achieving an integrated planning and management process for development and later implementing 
estuary management planning. However, the links to broader catchment processes are less tangible 
due to the focus of estuary management on individual estuaries. Consequently, the ability of the 
estuary management process to influence the provision for environmental flows from upstream 
sources of water is limited. 
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The process of developing water sharing plans is a more effective process supported by founding 
legislation under the Water Management Act 2000 and policy through the SWMOP. The process of 
developing water sharing plans with benefit for estuaries is constrained by the limited availability of 
relevant data on ecological processes and condition in estuaries. It is also constrained by the limited 
information on how the provision of environmental flows can influence and maintain appropriate 
estuarine processes and health. To assist in overcoming these limitations, five principles were 
developed to support the decision-making process (NSW Government undated). The five principles 
were grounded in the concepts of: whole-of-catchment management; the fundamental importance of 
estuarine inflows to estuarine health; the need to protect an appropriate share of flows for the 
environment; the need to licence extractions; and where data are lacking, caution and adaptive 
management are appropriate. 
4.4 Victoria 
4.4.1 Responsibility for estuary management 
In Victoria, responsibility for estuaries spreads across several agencies, with no formal coordination. 
The principle agencies include: 
· Department of Sustainability and Environment (DSE)—oversee the management of the land and 
resources of Victoria’s coastal public land and marine resources for conservation and recreational 
uses. In particular, DSE is responsible for the development, implementation and maintenance of 
the Victorian River Health Strategy, which encompasses environmental water targets. 
· Catchment management authorities and catchment land protection boards—ensure sustainable 
development of natural resources and maintain and improve land and water resources in their 
region through catchment strategies. Catchment management authorities have been responsible 
for managing the delivery of environmental water requirements assessments on freshwater 
systems across the state. The Corangamite Catchment Management Authority is leading the 
development of the Victorian Estuary FLOWS Method (with DSE and Melbourne Water). 
· Department of Primary Industries (DPI)—sets the strategic direction for use and management of 
fisheries and agricultural land. In relation to estuaries, a key role played by DPI is the issuing of 
fisheries licenses. 
· Environment Protection Authority (EPA)—controls the discharge of wastes to the environment, 
take measures to prevent pollution, and are responsible for assessing water quality (EPA 2001). 
· Parks Victoria—manages Victoria’s national, state, marine, regional and metropolitan parks and 
conservation reserves. With respect to estuaries, Parks Victoria is responsible for: the 
management of ‘bed and banks’; holding of permits for artificially opening estuary entrances (e.g. 
Curdies River, Gellibrand River); and issuing of tour operators licences for activities associated 
with parks and reserves managed by Parks Victoria (including some estuaries). 
· Victorian Coastal Council20
· Victorian Catchment Management Council (VCMC)—three regional coastal boards (Gippsland, 
Central and Western) are responsible for developing and implementing regional coastal action 
plans. 
 and regional coastal boards (i.e. Western, Central and Gippsland 
Coastal Boards)—implement strategic planning for Victoria’s coastal resources, including 
estuaries (e.g. Western Coastal Board 2002). 
· Regional and rural water authorities—regional water authorities provide water and sewerage 
service to urban communities, and management of specific water supply catchments. Rural water 
authorities provide irrigation, drainage, salinity control, water supply, and management of specific 
water supply catchments. With respect to estuaries these authorities are usually integral to the 
implementation of environmental flow releases. 
                                                 
20 See <http://www.vcc.vic.gov.au/>, accessed 27 November 2008. 
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· Local government—regulates local development through planning schemes, on-ground works, 
and manage urban and rural drainage. Drainage in particular can be an important driver of 
estuarine health (e.g. require ‘dilution’ by environmental flows). In some estuaries the local 
government holds the permit for artificial estuary entrance opening (e.g. Warrnambool City 
Council on the Hopkins River estuary). 
· Committees of management—these have no statewide responsibilities. Members are elected or 
skills-based and appointed by DSE to manage Crown Land under the Crown Land (Reserves) Act 
1978. Committees of management for estuaries are charged with managing activities on the 
waterway and the enforcement of regulations. In some estuaries, foreshore committees of 
management are responsible for entrance management (e.g. Narrawong Foreshore Committee of 
management – Surry River). 
4.4.2 The Healthy Victorian Estuaries project 
The Department of Sustainability and Environment is funding an initiative called ‘The Healthy 
Victorian Estuaries’ project to identify specific human impacts on estuaries to guide better 
management and healthier estuaries. The project has three main components: 1) conducting scientific 
research; 2) establishing environmental targets; and 3) improving governance arrangements.  
Governance of The Healthy Victorian Estuaries project is focused on supporting and encouraging 
relevant land managers to adopt research in their own catchment management planning. This will 
include providing clear direction on the responsibilities of the many organisations involved in 
managing Victoria’s estuaries. Clarifying these responsibilities is a crucial step for improving the 
health of estuaries. Proper management of Victoria’s estuaries can be achieved only if there is a 
sound understanding of the flow-on effect that human pressures have downstream on other land 
managers. 
4.5 Tasmania 
Responsibilities for water management lie primarily with the state Department of Primary Industries 
and Water for the administration of the Water Management Act 1999 and for the preparation of water 
management plans to assist in maintaining the health of the river system (including estuarine 
sections). 
4.5.1 Water management plans 
This process involves identifying the stakeholders in a catchment, and through community 
consultation (and in parallel with scientific and technical consultation), identifying the important water 
values. Once these values are identified, the goals of water management for that catchment can be 
defined; these include environmental goals as well as water use and water development goals. These 
issues are collectively negotiated amongst stakeholders and community representatives. The 
outcomes of negotiations are reflected in a draft water management plan, which is made available for 
public comment. Stakeholder representations and the department’s response to these are considered 
by the Resource Planning and Development Commission, which provides recommendations to the 
Minister. Any modifications to the environmental water provisions (or other provisions) arising from 
this process are incorporated into the plan, and the finalised water management plan is adopted by 
the Minister as operational. The plan is then implemented, monitored and reviewed according to its 
conditions. 
4.5.2 Environmental water requirements assessments 
Typically, environmental water requirement assessments, including those for estuaries, are 
undertaken via projects initiated and administered by the Tasmanian NRM boards. The TEFlows 
Project, for example, is being conducted by the Water Assessment Branch (Water Resources 
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Division, DPIW) for NRM South and NRM North. The project is funded under the National Action Plan 
for Salinity and Water Quality.  
The resulting environmental water requirements are then examined within the water management 
planning process, alongside other water management issues relating to water licensing, allocation 
surety, potential water availability and development options and monitoring requirements. Ultimately, 
the water rules provided for the environment in the final plan are the environmental water provisions. 
They may be identical to the environmental water requirements originally recommended, or they may 
reflect those environmental water needs that can be met after consideration and negotiation of other 
water demands in the catchment. 
The larger estuaries and marine embayments are managed differently. For example, the Derwent 
Estuary Program (DEP) was established in 1999 as a joint state, local and Commonwealth 
government initiative. The DEP as a single entity works with and in the name of the state and six local 
councils that border the estuary, along with stakeholders, river users and the community. The first act 
of the DEP was to establish an integrated environmental management plan for the Derwent Estuary 
(Coughanowr et al. 2001). Subsequently, the DEP has worked to implement annual action plans and 
establish a structured process of review, revision and reporting. 
As an essential element of implementation, the DEP has developed and maintained links with policy 
and decision-makers to ensure that DEP objectives and strategies are widely communicated and 
incorporated within the various state and local government agencies and departments (‘horizontal 
integration’). In this way, objectives and strategies of the DEP have been progressively integrated into 
state and local government statutory policies, plans and work programs. Also, links have been 
developed with site-specific environmental management plans for major industries, sewage treatment 
plants and other large-scale facilities. 
Thus, the governance of environmental water requirements in Tasmania is multi-jurisdictional and 
multi-agency. Where governance responsibilities are complex, specific programs such as the DEP 
have proved a successful vehicle to achieving integrated estuarine management and shared 
collective responsibility. 
4.6 South Australia 
Non-Murray systems 
Within the Draft State Estuaries Policy (the ‘Policy’), NRM boards are identified as having a 
coordinating role, and support role has been identified for the following state agencies: Department for 
Environment and Heritage (DEH), DWLBC, South Australian Environmental Protection Agency (SA 
EPA), Primary Industries and Resources SA (PIRSA), Planning SA and local government. 
The Australian Natural Resources Atlas (Estuaries Assessment 2000 – SA21
The SA EPA developed the Environment Protection Policy on Water Quality involving marine, 
estuarine and freshwater resources. The SA EPA also undertakes various monitoring studies, and 
these have included ambient water quality monitoring in two of the state's estuaries (the Port River 
) provided a summary of 
agencies contributing to estuary management in South Australia as at the year 2000.  
Estuarine management and data collection is within the scope of several state departments (including 
DWLBC and DEH), SA EPA, NRM boards and local government councils. No one central 
organisation coordinates an estuaries program state-wide. 
The Department for Environment and Heritage is the lead agency undertaking policy development 
and planning for South Australia's estuarine and marine habitats. For example, DEH released the 
Coorong, and Lakes Alexandrina and Albert Ramsar Management Plan in September 2000.  
                                                 
21 See <http://www.anra.gov.au/topics/coasts/estuary/sa/index.html>, accessed January 26 2008 
90           NATIONAL WATER COMMISSION — WATERLINES 
estuary and Lakes Alexandrina and Albert near the mouth of the River Murray). Sea grass and salt 
marsh mapping projects have been completed and these include some estuarine areas, including 
many of the smaller systems that are disconnected from the sea by dunes for several months of the 
year.  
PIRSA, including South Australia Research and Development Institute, the South Australia Water 
Corporation, and the Australian Water Quality Centre, are involved in estuarine monitoring (fish 
surveys, water quality, eutrophication and algal blooms). Note that some of these monitoring activities 
are part of an EPA licence condition or an environmental improvement program associated with 
wastewater plan discharge.  
Many of the seaside local councils as well as the catchment water management boards deal with day-
to-day issues confronting estuaries including planning regulations. Several Waterwatch groups 
monitor some state rivers and their mouths. The Barker Inlet Port Estuary Committee is a community 
and local government initiative established since 1999 to promote integrated estuarine management 
of that region. 
Lower Lakes, Coorong and Murray Mouth 
Governance of the Lower Lakes, Coorong and Murray Mouth is determined through Murray–Darling 
Basin Commission governance arrangements. The South Australian Murray–Daring Basin NRM 
Board through the River Murray Environmental Manager Unit has the lead role as the manager of the 
Coorong, Lower Lakes and Murray Mouth Icon Site. Watering priorities are identified by the 
environmental watering group according to the framework of The Living Murray Environmental 
Watering Plan and approved by Murray–Darling Basin Commission. 
4.7 Western Australia 
Responsibility for the management of estuaries in Western Australia currently lies with the 
Department of Environment under the Waterways Conservation Act 1976 and the Environmental 
Protection Act 1986 (Commonwealth of Australia 2001). Estuarine and catchment water quality data 
is maintained in the Department of Environment and fisheries data resides with the Department of 
Fisheries. The Department of Environment collects, manages and uses data from estuaries and 
rivers. The department has developed rigorous quality assurance and data management procedures 
specifically for estuarine and water quality data. Much of the department's work is related to 
eutrophication, algal blooms and local estuarine management issues (Commonwealth of Australia 
2001). 
Key estuaries under risk were at one time managed through community-based waterways 
management authorities (Commonwealth of Australia 2001). These were the Albany Harbours, 
Wilson Inlet, Leschenault Inlet and the Peel-Harvey Inlet. The Swan Canning estuary is managed 
separately under the Swan River Trust a statutory authority operating under the Swan River Trust Act 
1972. The Swan River Trust is unique in that it has planning and development powers within the trust 
area (Commonwealth of Australia 2001). 
Estuarine management in Western Australia is considered an integral component of catchment 
management, which is regional and community based. Community-based advisory committees 
provide a focus for local initiatives in partnership with state agencies and local government under the 
umbrella of regional catchment management strategies (Commonwealth of Australia 2001).  
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4.8 Northern Territory 
Two Northern Territory government agencies share the responsibility for various aspects of estuarine 
management (Commonwealth of Australia 2001). These are: 
· the Department of Infrastructure, Planning and Environment (responsible for planning 
developments, planning approvals, natural resource management, water quality, water resource 
planning, waste water discharge licensing, waste management and pollution control, habitat 
mapping, management of coastal reserves, and shoreline infrastructure)  
· the Department of Business, Industry and Resource Development (responsible for fisheries and, 
in partnership with the Australian Quarantine Inspection Service, marine pest management). 
The Department of Infrastructure, Planning and Environment administers all three Acts relevant to 
estuary management and is involved in the monitoring of estuarine waters and the catchment 
(Commonwealth of Australia 2001).  
4.9 Discussion—governance arrangements 
Governance arrangements determine the extent to which legislative and other aspects of 
environmental protection are acted upon, or succeed, in achieving their intended goals. Governance 
of estuarine ecosystems and resources is typically shared among multiple state agencies, which, in 
some instances leads to a complex set of arrangements. To a large degree, the governance 
arrangements reflect patterns of development in legislation. Thus, in some instances, more complex 
and complete legislation leads to more complex governance arrangements, thereby making 
legislation harder to apply and enforce. 
4.9.1 Definition of extent 
A simple but critical starting point for governance requires an explicit definition be adopted for both the 
inland and seaward extent of each estuary. A uniform definition may be adopted for all estuaries in a 
particular jurisdiction, or different definitions based on a classification of estuarine types 
(e.g. OzEstuaries classification).  
4.9.2 Identify a lead agent 
In some cases, complex governance arrangements have been dealt with effectively by identifying a 
single lead agent (agency, department, board, etc) to play a coordinating role among many (e.g. NRM 
boards in South Australia). In other cases, specific programs have been set up to coordinate among 
multiple agencies, sometimes across commonwealth, state and local levels of government. Examples 
include: 
· the Derwent Estuary Program (Tasmania) 
· the Lower Lakes, Coorong and Murray Mouth (South Australia, coordinated by the Murray–
Darling Basin Commission) 
· the Healthy Victorian Estuaries Project (Victoria) 
· the Morton Bay Consortium (Queensland). 
4.9.3 Keep the lead agent constant 
A further key success factor is that the agent leading estuarine governance should remain constant 
through time, surviving changes in government and ministerial portfolios. The NSW case reinforces 
this point, where responsibility for managing estuaries has passed through five different departments 
in the past six years, and governance has likely been weakened as a consequence. Consistent 
allocation of responsibility for estuaries provides a necessary precondition to develop corporate 
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knowledge within the lead agent and to establish and strengthen linkages with other responsible 
agencies, scientists, stakeholders and the community. 
4.6.4 Strong association with the water allocation process 
The freshwater requirements of estuaries are principally determined by the quality and quantity of 
water delivered by the upstream network. Consequently, there was a strong view amongst those 
stakeholders who participated in the workshops for this project that responsibility for planning and 
managing environmental flows for estuaries should sit with the agent responsible for the broader 
water allocation planning process. However, while the association with the freshwater system is 
strong, estuaries need to be recognised as a special case, not only for their physical and ecological 
characteristics, but also for the governance arrangements that are required to successfully manage 
the usage and health of estuaries. 
4.6.5 Achieving coordination between stakeholders 
Estuaries sit between the freshwater and marine systems, straddling these two scientific and policy 
regions. The challenge is to achieve governance that spans the divide between the discrete, but 
closely coupled ecosystems of catchments, coastlines, estuaries and near-shore tidal waters. The 
National Cooperative Approach to Integrated Coastal Zone Management, Framework and 
Implementation Plan (Natural Resource Management Ministerial Council 2006) outlines the need for 
an integrated approach towards coastal management that takes into regard the catchment-coast-
ocean continuum and specifically identifies freshwater flows as an important issue with respect to 
estuaries. 
One approach that has helped to coordinate the efforts of coastal and catchment boards is cross-
membership of committees and boards. For example, responsibility for managing the Gippsland 
Lakes in Victoria is held by the catchment management authority. The actions of other responsible 
agencies (e.g. Parks Victoria, Coastal Board, the Environment Protection Authority) are coordinated 
by the catchment management authority. In Victoria, consistency with cross-membership is achieved 
where the board of the catchment management authority and the Regional Coastal Board has a 
member in common. 
4.6.6 Drivers of improvements to governance  
It was identified that legislation and the development of an effective governance model is typically 
driven by one of a range of events (below). Opportunities for change must be captured as political will 
often hinges on being able to build from one of these sometime transient drivers, including: 
· a vocal champion—for example in Little Swanport, Tasmania there is one oyster farmer who 
supplies 70 per cent of the oyster spat for South Australia and NSW. He has attracted research 
funding and successfully campaigned politically for change. Economic clout and a big personality 
were key factors 
· powerful economic interests—for example NSW with significant fisheries interests 
· critical environmental event or status—for example persistent drought in Victoria, conservation 
listing (e.g. 9 out of 10 key Tasmanian estuaries are Ramsar listed), or the uncertainty associated 
with the effects of climate change, and the particular sensitivity of freshwater inflows, and the 
vulnerability of estuaries, to climate change.  
4.6.7 Identifying and implementing successful governance 
Overall, it is difficult to determine the degree to which particular governance arrangements are 
working. Such an assessment would require a thorough review of the management goals set out for 
particular estuaries and catchments (environmental, social and economic), together with an 
assessment of performance in achieving those goals. As with determining the ecological flow 
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requirements of estuaries, in many cases the necessary data on estuarine health may be lacking to 
complete such a review in full, although questions about how water resources were shared (relative to 
agreements) may be more readily answered—even if the consequences cannot so easily be 
assessed. 
A range of commentaries on appropriate governance and institutional arrangements are available, in 
particular for coastal management (Lazarow, et al. 2006; Middle 2002) and NRM (Davidson et al, 
2006; Davidson et al 2008). The framework suggested here builds on the four broad preconditions to 
effective governance suggested by Olsen et al. (2006) for estuary ecosystem management. For these 
complex and dynamic systems, long-term commitment is required to processes in which multiple 
interests must be balanced and accommodated. The suggested, somewhat modified (from Olsen et 
al. 2006) governance framework requires: 
· goals that have been selected and define what the program is working to achieve—goals should 
identify the values of the estuarine ecosystem (reflecting a solid understanding of the ecosystem), 
consider both the values of the society and economies based around and on the estuary as well 
as accounting for the institutional processes that must be orchestrated to achieve them. Ideally, 
such goals should be unambiguous, specific, time-bound and quantitative, describing how much 
and by when 
· stakeholders who understand and actively support the program’s goals must be present—
stakeholders are essential at the local level within the groups that will be most affected by the 
program’s implementation. If such support is absent, the task of imposing the implementation of 
new policies and decision-making procedures on an unwilling or uninformed community will prove 
difficult or unworkable. Stakeholders are also essential at higher levels in the governance 
hierarchy, typically at the state and national level; 
· formal commitment from government—provides a responsible institution or institutions with the 
necessary authority and the resources to implement the planning process for setting 
environmental flows for estuaries over the long term 
· institutional capacity—which is essential if an adaptive, ecosystem-based approach to 
governance is to be implemented successfully over the long term. Too often, the scale and scope 
of initiatives outstrips the capacity of the institutions charged with implementing and sustaining a 
program. This is wasteful and counterproductive and breeds frustration and cynicism. 
For governance of environmental flows for estuaries to be effective, Olsen et al. (2006) suggested a 
framework for the planning process (Figure 14). This approach is based on adaptive management 
informed by ongoing learning and adjustment. The process offers an approach to determining 
environmental flows for estuaries that can be applied to most types of estuaries because it allows for 
the particular ecological characteristics of different estuaries to be taken into consideration. 
4.6.7 Principles to guide water allocation trade offs 
A related issue is the way in which scientific recommendations (arising from the ‘Assessment 
methods’ section) are incorporated into decisions about water allocations. In most states, whilst 
expert panels (e.g. technical advisory panels) play a key role in defining the water required to achieve 
particular environmental outcomes (in terms of magnitudes, frequencies, durations and timing), the 
actual water provided may differ. Consequently, the importance of ensuring the continued 
involvement of the expert panel in the trade off process was recognised by stakeholders whom 
attended the workshops for this project. 
Biophysical knowledge gaps are a serious limitation on the scientific process of determination of 
ecological water requirements. These knowledge gaps also limit the ability to assess ecological 
response to different development scenarios. From a governance perspective, the limitations in 
available data remain an important stumbling block in managing environmental water allocations to 
estuaries. Despite the absence of a detailed knowledge of the actual water requirements of an 
estuary, water-sharing outcomes must still be negotiated among key stakeholders. In NSW, a 
qualitative risk-based approach was adopted, which formally sets out the social, environmental and 
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economic assets to be protected as well as the risks posed to each of those by reducing the 
associated water allocation. Associated with the risk assessment process in NSW is a set of five 
principles that should guide the determination of estuarine environmental flows. Whilst they are 
somewhat non-specific in defining some terms (e.g. ‘maintain and protect biophysical processes’, 
which gives no indication of assessment endpoints), the principles provide valuable guidance.  
A similar (simple) set of overarching principles may be valuable at a national level in guiding estuarine 
policy development (across all areas—legislation, science, governance). Five environmental 
principles (based on those developed for NSW) are suggested to guide the environmental flow 
assessment process: 
· Principle 1: Coastal catchments must be considered and managed as whole systems that extend 
from the upper catchment down to the offshore waters. 
· Principle 2: Water management decisions should recognise that freshwater inflows are an 
essential requirement for the maintenance of estuarine and coastal ecosystems. This is 
particularly so in areas with identified conservation values—for example, marine protected areas, 
which have a dependency on a share of natural freshwater inflows. 
· Principle 3: River flows should be managed so that a sufficient share of the total freshwater in a 
catchment is protected as inflows to estuaries to maintain and protect the biophysical processes 
and biodiversity of estuarine and coastal ecosystems. 
· Principle 4: All water extractions from estuaries will be licensed and conditions of access carefully 
assessed and equitable. This may include limits on diversions and will be linked to river access 
rules. 
· Principle 5: Where scientific knowledge is lacking, provide explicit description of the basis on 
which flows were established to protect estuarine ecosystems. The development of adaptive 
management systems and research to improve understanding of the impact of freshwater 
extraction and saline discharges into on estuarine and coastal ecosystems is essential for their 
management. 
It was suggested by stakeholders who contributed to this project that parallel principles be developed 
around the economic, social and also cultural (Indigenous values) objectives. The challenge of 
quantifying each of the competing interests in comparable terms (e.g. assigning economic value to 
ecosystem services) was noted as an additional outstanding problem.  
Climate change, vulnerability of estuaries, and adaptation issues 
In terms of governance, a looming influence over planning for environmental flows for estuaries is 
future climate change effects. Voice et al. (2006) identified that estuaries are particularly vulnerable to 
the effects of climate change. The ability to plan for adequate and appropriate environmental flows for 
estuaries will become increasingly complex because of the uncertainty associated with the effects of 
climate change. The processes associated with climate change that will impact estuaries include 
reduced rainfall, reduced freshwater inflows, higher intensity storms, sea level rise, altered 
temperature ranges and higher evaporation rates. While the potential impacts of these factors on 
estuary health will be difficult to predict, sufficient data and knowledge are available to begin the task 
of modelling estuarine systems under future changed climate scenarios. Some components of 
estuarine systems may adapt to these predicted changes in unexpected ways. It will be important that 
adequate monitoring is in place to observe, and thus manage, any such changes; data from 
monitoring can also be used to improve the predictive power of models.  
Workshop participants agreed that the issues of climate change, estuary vulnerability to climate 
change, and uncertainly regarding the process of adaptation to climate change, warranted increased 
national leadership. Specifically, it was suggested that the governance structures enacted to manage 
environmental flows for estuaries, and estuarine health more generally, should contain explicit 
linkages to agencies working on climate change.  
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There is also a need for national direction on an appropriate planning timeframe and adoption of a 
‘design’ scenario(s) regarding climate change impacts and assessment. Some states, such as 
Victoria, are using a year 2050 planning timeframe and use a 15-year review clause of water use 
planning. Given the potential seriousness of climate change impacts and uncertainty of these impacts, 
regular reviews are warranted. Climate change and sea level rise are closely linked to estuary 
processes, particularly with respect to estuary entrances. It is clear that environmental flow 
assessments for estuaries need to consider climate change scenarios to ensure that their 
recommendations remain relevant into the future.  
The potential effects of climate change on estuaries present significant ecological, social and 
economic risks. The climate change issue provides powerful motivation to establish clear national-
level direction for governance structures that will maintain the health of estuaries through assessment, 
implementation and management of appropriate environmental flows.  
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5. Community engagement and 
involvement 
This section reviews the community engagement and involvement models used in each jurisdiction in 
relation to estuary flow management. 
5.1 National 
The national level policy documents reviews in Section 2.1 of this report clearly indicated support for 
informed public participation in open, consultative processes dealing with planning and management 
of aquatic resources (including estuaries). One of the six policy elements of the 1994 COAG National 
Water Reform Framework was ‘public education and consultation’ (Council of Australian 
Governments 1994). 
The NWI agreement22
5.1.1 Coastcare 
 includes objectives, outcomes and agreed actions to be undertaken by 
governments across eight inter-related elements of water management, with one of those being 
‘community partnerships and adjustment’. Under this element: 
Governments are to engage water users and other stakeholders in achieving the objectives of the Initiative by 
improving certainty and building confidence in the reform processes; transparency in decision making; and ensuring 
sound information is available to all sectors at key decision points. New and improved measuring, monitoring, 
reporting and accounting procedures will be introduced, and improved public access to information will increase 
public acceptance of the Initiative.  
Principle 12 of the National Principles for the Provision of Water Ecosystems (ARMCANZ and 
ANZECC 1996) is that: 
All relevant environmental, social and economic stakeholders will be involved in water allocation planning and 
decision-making on environmental water provisions. 
The National Principles go on to state that: 
…all parties with interests in decisions on water allocations (the stakeholders) should be involved in the decision-
making processes, particularly where these involve decisions on environmental water provisions. An important 
prerequisite to involvement and consultation is fully informing and raising awareness within the community. 
While it is clear that there is support for community engagement and participation at the national 
policy level, there are three existing vehicles for involving the community in estuary management 
issues that have connections with the Commonwealth Government: Coastcare, Community 
Coastcare and Waterwatch.  
One of the recommendations of the Resource Assessment Commission Coastal Zone Inquiry 
(Resource Assessment Commission 1993) was that a national coastal action program should be 
established that involved all governments, community and industry groups with responsibility for and 
interests in the management of coastal zone resources. The initial Coastcare program was 
established by the Australian Government in 1995. In 1997 the Coastcare program was rolled into the 
Australian Governments’ Natural Heritage Trust Clean Sea Program. Coastcare has a number of 
corporate, government and community partnerships. Coastcare lists the Australian Government's 
Caring for Our County initiative (which replaced the Natural Heritage Trust on 30 June 2008) as one 
of their partners.23
                                                 
22 See <http://www.nwc.gov.au/nwi/docs/iga_national_water_initiative.pdf>, accessed 20 June 2008; and 
<http://www.nwc.gov.au/nwi/index.cfm>, accessed 20 June 2008. 
23 see Coastcare <http://www.coastcare.com.au/Default.aspx>, accessed 27 November 2008.  
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Coastcare groups tackle problems like dune erosion, loss of native plants and animals, storm water 
pollution, weeds and control of human access to sensitive areas. Coastcare has a focus on on-ground 
work rather than policy or estuary inflows specifically, but environmental flows issues could be a 
relevant consideration for some projects.  
5.1.2 Community Coastcare 
Community Coastcare is part of the Caring for our Country package of activities contributing to the 
coastal environments and critical aquatic habitats priority outcome. All Community Coastcare projects 
will contribute to Caring for our Country national priorities by: (i) protecting and rehabilitating coastal 
environments and critical aquatic habitats; and (ii) enhancing community skills, knowledge and 
engagement with Indigenous Australians, volunteers and coastal communities.24
· planning for best-practice sustainable coastal and marine resource use, including Indigenous 
traditional use 
  
Community Coastcare project activities may target all coastal environments, including intertidal zones, 
beaches, dune ecosystems, estuaries and coastal wetlands, islands and reefs and coastal vegetation. 
Coastal environments also include coastal waters and those areas immediately landwards of the 
coastal waters where there are processes or activities that affect the coast and its values.  
Community Coastcare grants support communities to undertake coastal protection and rehabilitation 
projects (DEWHA 2008). The examples of project types listed by DEWHA (2008) did not specifically 
mention environmental flows, but environmental flows issues could be covered by a number of the 
suggested project types: 
· reducing local stresses (for example fishing pressure) on coastal and marine ecosystems such as 
reefs, mangroves and seagrass meadows 
· community surveys and monitoring and the development of educational materials to enhance 
skills and knowledge 
· community training and development of resources to raise awareness of coastal environments in 
the face of coastal growth, global warming and climate change 
· Indigenous land and sea country planning and recording and passing on of traditional knowledge 
to enhance the skills and knowledge of Indigenous Australians, volunteers and communities in 
saltwater country. 
5.1.3 Waterwatch 
Waterwatch Australia is a national community water monitoring program that encourages all 
Australians to become involved and active in the protection and management of their waterways and 
catchments. The Waterwatch program was established by the Australian Government during 1993. 
There are nearly 3000 groups in 200 catchments. Regular monitoring occurs at approximately 7000 
sites nationally.25
                                                 
24 See <http://www.nrm.gov.au>, and more specifically: <http://www.nrm.gov.au/funding/coastcare.html>, accessed 27 
November 2008. 
25 Statistics from <http://www.waterwatch.org.au/about.html>, accessed 20 June 2008.  
 Waterwatch Australia does not provide funding for water monitoring or conservation 
activities.  
The Waterwatch network is made up of individuals, community groups and school groups who 
undertake a variety of biological and habitat assessments and physical and chemical tests to build up 
a picture of the health of their waterways and catchments. By monitoring their local waterways over 
time, community members can determine if the health of the waterway and surrounds are improving, 
declining or being maintained.  
The objectives of Waterwatch are: 
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· an increased awareness and understanding of the importance of healthy waterways and the 
relationship to land uses within the catchment 
· communities monitoring their local waterways 
· community involvement in planning and action to address waterway and catchment issues 
· effective partnerships between all sectors of the community working towards healthy waterways 
· financial and institutional support for the Waterwatch Australia network. 
Waterwatch activities are not limited to freshwater reaches of rivers.26
5.1.4 National Estuaries Network 
 In fact, Waterwatch Technical 
Manual Module 7 (Waterwatch Australia Steering Committee 2006) specifically addresses the 
methodology required to monitor estuarine waters.  
Because of its focus on water quality, Waterwatch monitoring does not include observations of 
freshwater flow per se. However, in estuaries, water quality issues are often related to the pattern of 
freshwater inflows, so Waterwatch monitoring activities could lead to community involvement in the 
issue of managing freshwater flows to estuaries. 
The National Estuaries Network was established in 2000 to oversee the estuarine component of the 
National Land and Water Resources Audit. The Network has continued beyond completion of the 
Audit in 2002. The Coastal CRC coordinated Network meetings up until the CRC’s closure in 2006. 
Since then, Geoscience Australia has coordinated Network meetings.27
5.2 Queensland 
 
The National Estuaries Network is a key mechanism for linking estuarine decision makers with 
scientists. The aim of the Network is to improve the management and environmental conservation of 
Australia's estuaries. The network meets twice yearly and comprises estuary managers from each 
Australian state and territory as well as invited estuary researchers. Meetings are held over three 
days, and the final day usually involves an open public forum, centring on a specific estuary-related 
theme.  
Community engagement in determining environmental flows for estuaries in Queensland is primarily 
provided under the water resource plan process. Expert groups are used, including a technical 
advisory panel comprising government and scientific personnel who evaluate the best available 
information on aquatic ecosystems, and who assess the environmental implications of different water 
allocation scenarios. A community reference panel that provides input from water users and 
entitlement holders is also used. The community reference panel is drawn from economic, cultural 
and environmental interests, allowing the aspirations and concerns of the people living in the 
catchment to be fully considered during the planning process (Department of Natural Resources and 
Water 2007). This process is used due to the limited availability of published information, particularly 
information relating to individual estuaries. Water resource plans are prepared on a regional scale, 
which may include numerous river and estuary systems. Accordingly, different types of estuaries may 
be involved, including open embayment type estuaries and intermittently open and closed estuaries 
like coastal lagoons. Such variation may provide significant constraints on determining environmental 
flows for quite variable estuary systems. 
Two rounds of community submissions are invited during development of both water resource plans 
and for resource operations plans: firstly when the Minister for Natural Resources and Water 
announces the intention to prepare a plan, and then secondly after the draft plan’s release. Copies of 
notices and draft plans are supplied to local government offices for public inspection. They can also 
be viewed on the department’s web site (QLD Government 2004).  
                                                 
26 For example, the Barker Inlet and Port River estuary system is being monitored by ESAB Patawalonga and Torrens 
Waterwatch.<http://www.waterwatchadelaide.net.au/index.php?page=estuaries-2 >, accessed 20 June 2008.  
27 See <https://www.coast2coast.org.au/presentation-files/Murray.html>, accessed 27 November 2008. 
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After the decision to prepare a plan is announced, nominations for community reference panel 
members are formally called for from stakeholder groups and individuals. In addition, panels are being 
restructured in line with a comprehensive review of past performance. The panel members 
themselves now have a greater say on panel structure and role (QLD Government 2004). 
A finalised water resource plan applies for ten years. Towards the end of this cycle, a review process 
drawing on past experience and knowledge is undertaken to establish how the plan might evolve to 
meet future needs. It can incorporate further public consultation and scientific assessment and can 
benefit from a better understanding of resource sustainability issues. Through stakeholder 
involvement, long-term resource management approaches can be coordinated. Monitoring and 
reporting requirements, along with an improved understanding of resource sustainability issues, can 
promote community acceptance of a plan’s long-term effectiveness (QLD Government 2004). 
5.3 New South Wales 
Community engagement for environmental flows is provided through the establishment of a regional 
panel, comprising some local representation. The panel facilitates the classification of sensitivity of 
estuaries to changed inflows, and the determination of appropriate environmental flows objectives and 
targets. Water sharing plans are released for public comment and consultation, and water users are 
targeted for consultation. The water sharing plan is supported by a background document and 
submission template to assist with public submission preparation (Department of Natural Resources 
2006). 
Estuary management plans are prepared with the oversight of an estuary management committee, 
which comprises local and regional representation from the NSW Government and the community. 
Public consultation is undertaken during various steps in the development of the estuary management 
plan such as at the estuary processes, estuary management study and estuary management plan 
stages (NSW Government 1992). 
The effectiveness of the NSW approaches can be variable. The process of developing estuary 
management plans under the supervision of locally established estuary management committees 
tends to be dominated by local issues, while the more regional process associated with water sharing 
plans are broader and more strategic in nature. This is expected to continue, as water sharing plans 
focus on basins, although it is the government’s intention to continue to encourage local community 
input into the finalisation of plans (Department of Infrastructure, Planning and Natural Resources 
2004c). Independent facilitators can also be used to mediate agreement over flow determinations, or 
more generally for water sharing plan preparation.  
As demonstrated previously in the example for the Shoalhaven River, environmental flow 
determinations are based on a combination of scientific analysis and community input through a 
discussion paper and draft rules for water allocation and management. The preferred environmental 
flow rule set is informed by the water uses and values considered most important by the community, 
the outcomes of ongoing scientific investigations, and submissions received on publicly exhibited 
discussion papers (Sydney Catchment Authority 2006). 
Some of the early work on water sharing plans using community-based committees was criticised by 
Fairfull and Williams (2003). The main criticisms were that: (i) environmental information was lacking 
that could counter strong socio-economic arguments to maintain or increase water extraction limits 
and rules; and (ii) local stakeholders regarded government and scientific committee members as 
outsiders who did not understand local circumstances. Fairfull and Williams (2003) recommended 
targeted, ecological research that rigorously investigated the causal links between the flow 
requirements of an estuary and ecosystem health. They suggest that such research could include 
icon species that would be publicly recognised and which could generate broader community and 
political support.  
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5.4 Victoria 
The Victorian Government is committed to open, accountable democracy where government is 
required to place greater emphasis on establishing a true democratic partnership between the people 
and their institutions. These views are outlined in Growing Victoria Together: a Vision for Victoria to 
2010 and Beyond (State Government of Victoria 2005). This document states that a vibrant 
democracy is achieved through greater public participation and more accountable government. 
In supporting this view, the Department of Sustainability and Environment provides detailed guidance 
to planning community engagement (DSE 2007).28
Figure 15
 Their approach is designed around a Public 
Participation Spectrum ( ) developed by the International Association for Public Participation 
(IAP2). This highlights the range of possible types of engagement with stakeholders and 
communities.29
Figure 15: IAP2 Public Participation Spectrum 
 The spectrum also shows the increasing level of public impact progressing from 
‘inform’ through to ‘empower’. It also highlights the types of tools that might be appropriate to achieve 
a selected level of engagement. 
 
Source: Department of Sustainability and Environment (2007) 
 
                                                 
28 See also <http://www.dse.vic.gov.au/dse/wcmn203.nsf>, accessed 17 April 2008 
29 See also <http://www.iap2.org>, accessed 17 April 2008 
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The engagement resources provided by the Department of Sustainability and Environment include: 
· guidance on developing an engagement plan 
· a toolkit for assisting in planning, implementing and evaluating community engagement activities 
· documentation of a series of case studies 
· access to training workshops (fundamentals, intermediate and advanced)  
· Communities of Practice—identified groups of community engagement practitioners. 
5.4.1 Community engagement for estuary flow determination 
The preliminary Estuary FLOWS module incorporates community engagement, although no 
community engagement model is specified. The elements of the method that require engagement are: 
· Step 3—engagement with local groups, landholders and the stakeholder advisory committee in 
order to source of historical, anecdotal and documented information  
· Steps 4 and 16—two stakeholder workshops are required as key steps in the project. These 
provide an opportunity for community participation. 
Community engagement is not mentioned in Determination of Environmental Flow Objectives in 
Maintaining Water Quality for Major Estuaries in Port Phillip Bay and Western Port (SKM 2007). 
5.4.2 Community initiatives 
A range of community initiatives are supported by either the state or Commonwealth governments 
that include some degree of focus on estuaries. These include: 
· Coastcare, Community Coastcare, Land for Wildlife, Fishcare and Landcare 
· Victorian Estuary Network (VEN) 30
· Habitat assessment groups: Waterwatch Victoria; and Western Port Seagrass Partnership 
 
The VEN is a particularly important engagement method for estuarine matters. It was set up to link 
estuary management and research in Victoria. It is run through a consortium of estuary stakeholders, 
with the Department of Sustainability and Environment and the Environment Protection Authority 
acting as the facilitators. The audience includes managers, scientists and members of the public with 
an interest in seeing the health of Victorian estuaries sustained or improved. The VEN is part of the 
National Estuaries Network.  
The VEN employs a range of community engagement techniques, including the publication of fact 
sheets, and bulletins. In addition, the VEN ran the workshop ‘Vic Estuaries 2006’, which was held on 
14–15 December and was attended by more than 100 participants. The workshop was opened with a 
forum and it was followed by a field day visiting nearby estuaries. The forum:  
· provided an introduction and update concerning key research, policy and management initiatives 
relating to Victorian estuaries 
· provided Victoria's estuary scientists, policy makers, waterway managers, local government and 
others with an opportunity to discuss emerging challenges and opportunities 
· showcased management challenges and initiatives relating to Victoria’s estuaries. 
Vic Estuaries 2006 attracted far greater interest than the VEN anticipated. The workshop was 
considered an example of successful engagement, bringing together science, management and the 
community. A second workshop is being planned.  
                                                 
30 See 
<http://www.dse.vic.gov.au/DSE/nrencm.nsf/LinkView/EEA41EB7C569588FCA257172000B90D1DDCC655F5138A313
CA257173002750CE>, accessed 27 November 2008. 
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5.5 Tasmania 
5.5.1 TEFF and TEFlows Project 
Community engagement is an integral component of the Tasmanian Environmental Flows Framework 
(TEFF). Community input is a fundamental requirement of the process, in particular when defining 
environmental flow objectives. The TEFF demands that appropriate community consultation take 
place to ensure that stakeholders are: 
· fully informed on the freshwater-dependent values of the system 
· can express their dependence on water and know their needs are being addressed 
· able to identify potential future demands and impacts 
· can potentially pinpoint where multiple objectives may be achieved. 
The TEFF is not prescriptive about the nature of the community engagement model; nor does the 
section dealing with estuaries (DPIW 2007, Appendix F) provide any detail on how this should be 
done. The TEFF does recommend that a conceptual model of how the catchment works be 
developed; these models are a means for communicating various water use scenarios to the 
community (and other stakeholders) and allowing them to have more informed input into the process. 
The TEFlows Project is providing practical detail to the TEFF by undertaking environmental water 
requirement assessments of six catchments. Community engagement is highlighted as one of the four 
important outcomes of the project, namely to achieve ‘greater community and stakeholder confidence 
in environmental flow recommendations’.31
· Little Swanport Catchment Management Plan Implementation Committee Community Night 
 Consultation with stakeholders thus far has been through 
community forums, community field days, newsletter contributions and regular updates to a TEFlows 
website. Specifically, the activities to date include presentations at: 
· the NRM North Community Forum 
· the NRM South Service Providers Forum 
· the Tasmanian Wetlands Forum  
· a contribution to the TasRegions newsletter. 
In addition, community input to the project is officially achieved through community representatives on 
the stakeholder reference group. 
5.5.2 Derwent Estuary Program (DEP) 
The Derwent Estuary Program (DEP), established in 1999, is a regional partnership between local 
governments, the Tasmanian state government, commercial and industrial enterprises, and 
community-based groups to restore and promote the estuary 32
· annual monitoring report and ‘report card’ 
. In developing a community 
participation program, a range of target audiences was considered and a variety of strategies pursued 
(Coughanowr et al. 2001). The DEP engagement program sought to integrate environmental, cultural 
and recreational aspects to appeal to a broad spectrum of interests and needs. Some of the 
engagement modes employed to date include (Coughanowr et al. 2001): 
· newsletters and the DEP internet site 
· community survey on Derwent Estuary values and uses 
· community group database 
· community group forums 
· presentations to community and school groups, scientific and professional forums. 
                                                 
31 See <http://www.dpiw.tas.gov.au/inter.nsf/WebPages/JMUY-6W9839?open>, accessed 15 April 2008. 
32 See <http://www.derwentestuary.org.au/>, accessed 27 November 2008. 
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Possible initiatives to be further reviewed and developed include: 
· school curricula 
· support for hands-on programs (e.g. Waterwatch, Landcare, outdoor and environmental 
education) 
· Derwent Estuary documentary 
· regular newspaper columns (e.g. ‘Newspaper in Education’ series in The Mercury) 
· Derwent Estuary scientific forum 
· community group forums 
· foreshore interpretation project(s) 
· Derwent festival and foreshore arts projects. 
The DEP has been nationally recognised for excellence in coordinating initiatives to improve both 
estuarine health and promoting greater use and enjoyment of the estuary and foreshore lands. The 
keys to effective community engagement in this case are considered to be: 
· multi-modal delivery of information and participation options 
· regular communication through different channels 
· establishing a single point of contact for estuarine matters (i.e. the DEP). 
5.6 South Australia 
Principle 13 of the guiding principles for estuarine management enunciated in South Australia’s Draft 
Estuaries Policy (DEH 2007, p.14) states that: ‘Community knowledge, knowledge, understanding 
and interest should be fostered to achieve better management of estuaries’. Thus, commitment to 
community engagement is recognised as a core component of estuary management. 
Outcome 4 of the detailed action plan describes strategies for achieving greater community 
understanding and involvement. Eight strategies are listed (reproduced in Figure 16) and the 
responsible agencies (coordinating and supporting) as well as an indicative timeframe are given. 
5.6.1 Lower Lakes, Coorong and Murray Mouth 
For the Lower Lakes, Coorong and Murray Mouth, a community reference committee meets three 
times per year to discuss management issues, and to feed concerns and ideas to an upper-level 
coordinating committee for the region. Community forums with an environmental water focus for the 
Lower Lakes and Coorong region have been held, particularly in recent years in association with the 
drought. 
Indigenous community involvement in the Icon Site Environmental Management Plan, and indeed a 
full community engagement model, was designed and implemented by the Murray–Darling Basin 
Commission (MDBC 2002) on advice from Nancarrow and Syme (2001). As part of The Living Murray 
initiative of the Murray-Darling Basin, an Indigenous facilitator has been appointed for the Coorong, 
Lower Lakes and Murray Mouth Icon Site. 
A plan for a full community engagement and negotiation process was designed as the major activity 
for engaging 'affected' communities. It is described in detail in Nancarrow and Syme (2001). The 
process builds on the knowledge obtained through the stakeholder profiling study and insights gained 
from water-related social investigations. It is also cognisant of other related engagement activities, in 
particular those of the Murray–Darling Basin Commission. 
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Figure 16: Strategies for achieving community engagement in South Australia’s draft estuary 
policy 
 
Source: DEH (2005, pp. 23-24) 
It is proposed that the community engagement component of the project be closely integrated with the 
wider planning activities of the entire Living Murray (Figure 17). The process proposes that four 
phases of public involvement are included in its eleven steps (Nancarrow and Syme 2001). 
Nancarrow and Syme (2001) have identified several properties that will be essential to an adequate 
process: 
· commitment to the community engagement strategy from the Ministerial Council 
· the plan needs to be agreed with the participating community(s) 
· the plan should be inclusive of all relevant communities 
· there should be ongoing evaluation of the engagement and negotiation process. 
Engagement of Indigenous communities 
Indigenous communities have unique requirements, and strategies for engaging and negotiating with 
Indigenous communities need to be designed using appropriate skills that are respectful of the 
cultural differences. The Indigenous engagement and negotiation process should: 
· recognise traditional ownership 
· fit within existing frameworks, e.g. the Memorandum of Understanding signed between NSW and 
the Murray–Lower Darling Indigenous Nations (Ngarrindjeri/Ramsar Working Group 1999) 
· recognise Indigenous protocols regarding representation—for Nations, families and groups of 
Nations—and provide capacity to respond at and across these levels. This capacity will relate to 
time, finances and access to technical resources 
· be based firmly within the context of engagement and negotiation 
· include a commitment to accord value and respect to Indigenous knowledge 
· acknowledge the range of values and interests that Indigenous people have in the river and its 
surrounds, including cultural, economic, social and environmental aspects. 
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The Community Engagement Strategy includes a dedicated Indigenous Liaison Officer to assist in the 
development of the Indigenous engagement and negotiation process. It will be necessary to fully 
incorporate Indigenous nations in the decision-making processes of the Living Murray. 
  
Figure 17: Framework proposed for managing community engagement in developing 
environmental flow recommendations for the River Murray 
 
Source: Nancarrow and Syme (2001, Figure 1) 
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5.7 Western Australia 
Community involvement is an essential component of planning and management of water resources 
in Western Australia. With respect to the provision of water for the environment, the Environmental 
Water Provisions Policy identifies a number of opportunities for the community (including all relevant 
stakeholders) to be involved in decision-making processes (Water and Rivers Commission 2000) 
(Figure 11). 
Under the provisions of the Rights in Water and Irrigation Act 1914, the establishment of water 
resources management committees is a key element of community and stakeholder involvement in 
planning and management processes. These committees must be consulted in the development of 
relevant water resource management plans. In the development of these plans, there are also 
requirements for: 
· notification of the preparation of a draft plan 
· call for public submissions and the preparation of a summary of submissions 
· referral of the plan, as modified as a result of submissions, to bodies which the Commission 
considers may be affected or should view the plan for any reason 
· a further opportunity to provide submissions on the modified plan (Water and Rivers Commission 
2000). 
For plans where environmental water provisions may have significant implications for the 
environment, referral to the Environment Protection Authority will be required for possible 
environmental impact assessment (Water and Rivers Commission 2000). 
While these are the statutory requirements, in most cases, stakeholders will also be given additional 
opportunities to have input to the preparation of plans using such approaches as workshops, open 
forums and displays, surveys and meetings with stakeholders. For important plans, consultative 
committees may be established to assist with plan preparation (Water and Rivers Commission 2000). 
While these opportunities apply to environmental water provisions in general, there is no reason they 
would not apply to estuaries specifically.  
Step 2 of the BAFFLER approach of Close (2005)—identification of values and uses—relies on the 
stakeholder group and the existing knowledge base for the focal estuary. Close (2005) suggested that 
values and uses be identified from a variety of perspectives including conservation, commercial, 
recreational, scenic and ecological linkages. In agreement with Davis et al. (2001), Close (2005) 
noted the need to consider Indigenous cultural heritage. Step 2 of the method engages community 
groups, government agencies, research institutions and industry with vested interest in the estuary 
regardless of motivation (conservation, commercial, industrial etc.) and will promote cross-disciplinary 
involvement (Close 2005). This step also aids in defining desired future state of the estuary, and if 
properly documented, it will provide defensibility and transparency to final recommendations.  
Wilkie and Steele (2006) described a community-based management scheme in the Harvey River 
Basin (which includes the estuary). This approach involved constitution of the Harvey River 
Restoration Trust Community Panel. A deliberate decision to ensure that government agency 
representatives did not dominate this panel was reflected in the make-up of the membership. While 
specific estuary issues were not mentioned by Wilkie and Steele (2006), the lessons learned from the 
Harvey River Basin Community Panel experience are probably universal. Establishment of the 
Community Panel was not as easy as first thought, with identifying and retaining community members 
presenting difficulties. Monthly meetings were problematic for some people to regularly attend, and 
meetings were sometimes inquorate and could not effectively transact business. Once the strategic 
directions plan was adopted, it became evident that it could not be implemented by the Community 
Panel alone. Funding for one full-time equivalent officer was arranged and a suitable person was 
recruited for the position, which made a positive difference. The most successful projects to date have 
involved partnerships with a local high school and agricultural college, two universities and Alcoa 
World Alumina Australia (Wilkie and Steele 2006). 
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Western Australian communities generally are highly aware of the values and management needs of 
estuaries (Commonwealth of Australia 2001). Waterwatch and Ribbons of Blue link in with agency 
activities in improving awareness of natural resources issues. Geocatch is a community-based 
agency partnership sponsored by the Water and Rivers Commission that is implementing extensive 
restoration activities on the Vasse River and Vasse Wonnerup Estuary, centred on the town of 
Bussleton (Commonwealth of Australia 2001). 
5.8 Northern Territory 
The Northern Territory Government recognises that community values and beliefs are an integral 
component of the water allocation planning process (NRETA 2008a). Water advisory committees are 
established and declared under the Water Act to assist in providing advice to government with 
regards to the management of water resources within a defined area (NRETA 2008a). Information 
gathered and developed during the process is freely accessible and members of the public are 
encouraged to comment on the process and to make formal submissions before and after a draft plan 
is released. All submissions are considered and collated prior to the preparation of both the draft and 
final stages of a water management plan (NRETA 2008a). 
Although no water management plan has yet been declared in the Northern Territory that includes an 
estuary, the community involvement model for of such an area could be similar to that of the Ti Tree 
Water Control District (an inland District, with no estuary). The Ti Tree Water Advisory Committee is 
an advisory group established under Section 23 of the Water Act by the Minister for Lands and 
Planning to consider the management and sustainable allocation of water resources in the Ti Tree 
Water Control District and to advise the Controller of Water Resources of related issues.33
Other advisory committees have been established in the Northern Territory to consider the 
management and sustainable allocation of water resources, and two of these have an estuary within 
their region. A community reference group was established in November 2003 to advise government 
on an Integrated Regional Land Use Plan for the Daly Region (which does include an estuary). The 
Daly River Management Advisory Committee has been created to work with relevant government 
agencies to develop options for the sustainable use and conservation of natural resources within the 
Daly River region.
 Members 
represent a range of interests including water users, land owners and local government. In this case, 
at least 50 per cent of voting members are commercial horticulture operators in the Water Control 
District. To achieve informed decision making, the committee relies on information supplied by 
government on matters concerning water demand, use and resources. The Chairperson leads and 
generally represents the water advisory committee. In this case, the Chairperson must be a non-
government person who is a commercial horticulturalist in the Ti Tree Water Control District. An 
executive officer, funded by the Department of Infrastructure Planning and Environment, is appointed 
to provide administrative support to the committee.  
34 The fundamental goal of the committee is to promote the highest standards of 
management of land, water and other resources in the region so that important values identified by 
residents and the wider community are protected. The Darwin Harbour Regional Plan of Management 
is now being implemented, and the implementation is overseen by the Darwin Harbour Advisory 
Committee , which comprises members drawn from the community.35
Establishment of these advisory committees goes beyond community consultation. These committees 
are an integrated component of the governance framework for the districts. Two factors could 
compromise the effectiveness of these advisory committees in fully considering the needs of the 
estuarine components of their district. The first is that in terms of the wider catchment area, the 
estuary itself usually represents only a small percentage of the total area, so if considered on this 
basis, the estuary may not be seen as a priority concern. Secondly, estuaries tend to have a separate 
 
                                                 
33 For details of the Committee’s Terms of Reference and Operating Arrangements as of July 2007, see: 
<http://www.nt.gov.au/nreta/water/committees/titree/tor.html>, accessed 20 June 2008.  
34 For more information see <http://www.nt.gov.au/nreta/water/drmac/index.html>,accessed 20 June 2008. 
35 For more information see <http://www.nt.gov.au/nreta/water/dhac/index.html>, accessed 20 June 2008.  
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set of stakeholders compared to those of the wider catchment, and all of those interests would not 
necessarily be represented on the advisory committee.  
In a revision of the original environmental flows recommendations for the Daly River developed by 
Erskine et al. (2003), Erskine et al. (2004) made the point that Indigenous people have a strong 
interest in protecting both environmental and cultural values. A distinction between these two value 
sets is not made by Indigenous people themselves. Hence, Erskine et al. (2004) regarded it as vital 
that Indigenous people are afforded the opportunity to contribute their ecological knowledge to 
environmental flows research and policy, and to participate in designing a methodology for protecting 
their cultural values, perhaps through the allocation of a separate ‘cultural flow’. Indigenous systems 
of customary law dictate that traditional landowners have a substantive role in land and water 
management and resource regulation. Hence, Indigenous people expect to participate fully in 
management decisions (Jackson 2006). 
Community-based mangrove monitoring activities are in place for areas around Darwin Harbour. 
Waterwatch, Bushcare, Landcare and Coastcare have been involved in raising awareness of 
catchment activities that affect estuarine health (Commonwealth of Australia 2001).  
5.9 Discussion—community engagement and 
involvement 
Debate over water has increased with the effects of drought, low water supply levels for urban 
communities, and the uncertainties over the effects of climate change. Recent floods in NSW, 
Queensland and East Gippsland in Victoria have once again led to public calls for new dams on rivers 
to capture precious water, perceived to be ‘wasted’ as it runs out to sea. At the same time, the 
urgency of calls for action to save the Coorong and Lower Lakes of the River Murray are increasing, 
to the extent that the topic has entered the mainstream conversation of the Australian media and 
hence Australians. 
Establishing good communication with stakeholders, including the community of the estuary, was 
highlighted as one of the four foundations of good governance. This recognised that knowledge and 
value does not flow only from scientific endeavours, but also from local insight gained by the regular 
observations of people who live with the systems. 
Most legislation dealing with water allocation planning or estuary management requires some form of 
community engagement and participation. This sometimes takes the form of invitations to make 
comments before, during or at the end of the plan preparation process for setting environmental flows. 
It can also involve more directly the community in the development of such plans, usually in the form 
of panels or committees. The use of expert panels and stakeholder representative committees for 
making decisions regarding setting environmental flow trade-offs and rules was supported by the 
attendees at the workshops held for this project. These panels and committees will remain important, 
given the limited availability of scientific information regarding environmental flow needs of estuaries. 
However, anecdotal information is not a substitute for good science, and estuaries will continue to 
need well-planned and adequately funded investigation and monitoring.  
Key elements regarding community engagement identified from the two workshops held for this 
project included: 
1. Effective engagement requires fostering participation and direct involvement rather than ‘being 
informed’. Strategies that promote involvement include: 
– development of preliminary options and detailed background information on the 
characteristics of the system prior to initial discussions 
– multiple rounds of engagement, for example an initial phase to determine values and 
a later phase to develop and endorse actions 
– involvement of peak bodies at a strategic level and local stakeholders at a more 
detailed or system level 
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– involvement of users in development of extraction or allocation rules tends to result in 
simpler and more efficient operational systems. However, it is important to remain 
mindful of the potential for personal interests at a local level. 
2. Different community engagement models may be required in different estuarine systems: 
– heavily developed estuaries (significant industry, heavily populated, flow or water 
quality impacted, multiple jurisdictions) require a detailed community engagement 
program (e.g. Derwent Estuary Program). Dedicated programs have a critical mass of 
stakeholders for funding (government and industry) and a large community to reach. 
The multi-jurisdictional aspect makes it important to have a single program to 
coordinate both community engagement and the efforts of the various responsible 
authorities 
– undeveloped estuaries (limited industry, sparse population, unimpacted hydrology, 
single jurisdiction) require a simple engagement model of broad consultation. The 
limited number of people involved gives rise to high levels of ‘ownership’ of ‘their 
estuary’ and therefore the key is not to exclude any interested individuals from the 
management process. In these estuaries, committees of management have less 
chance of working, as there may not be the critical mass to support such a 
committee, and a large percentage of the local people may want to have a say.  
3. Education is an important part of community involvement. Stakeholders who attended the 
workshop endorsed the idea of developing a national communication plan that is focused on 
promoting the ecological, social, cultural and economic value of estuaries. It was noted that the 
present modes of delivering or coordinating such outcomes include the National Estuaries 
Network and the OzEstuaries website. Both of these initiatives have a strong track record of lifting 
the profile of estuaries, but they are at a critical juncture in terms of funding and support. It was 
considered vital that these initiatives receive continuing support without delay. 
4. Recognition of cultural heritage and ‘cultural flows’ (flows to facilitate the continuation of cultural 
practices and enterprises) means that specific efforts to engage Indigenous communities are 
critical. Indigenous consultation may require a different approach to consultation with other 
stakeholders, including: 
– recognition of traditional ownership 
– recognition of Indigenous protocols for representation 
– commitment to valuing and respecting Indigenous knowledge 
– acknowledgement of the range of Indigenous values and interests in the water 
(including both cultural and economic interests). 
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6. Main findings 
6.1 Identified key gaps 
The National Water Commission has identified a set of priority actions to assist governments in 
meeting their commitments under the NWI with regards to water planning. Among them are 
commitments for ensuring environmental outcomes are specified and adequate resources provided 
for water planning. These priority actions are considered sound and appropriate; however, no specific 
mention was made of estuaries. Provision of adequate and appropriate environmental flow allocations 
for estuaries that protect flow dependent ecological assets should be specifically included within these 
actions.  
Legislation and policy 
The following gaps were identified: 
· There is a general lack of specific reference under most legislation to the provision of 
environmental flows for estuaries. 
· There is a general lack of direction to ensure that estuaries are considered on an equal basis with 
other competing users of water when environmental flows are determined in the water allocation 
planning process.  
· There is a common view that whatever flow is residual after other entitlements and allocations 
have been determined can go to the estuary.  
· There is a lack of knowledge of the effects of altering freshwater flows to estuaries, and the high 
level of uncertainty associated with determining adequate and appropriate environmental flows for 
estuaries. 
Process frameworks and methods 
The following gaps were identified: 
· There are serious data limitations, as estuaries have traditionally not been well represented in 
long-term monitoring programs, and there are few tide gauges established within estuaries. 
· There are serious methodological challenges (e.g. modelling estuary hydrodynamics and 
sediment dynamics is technically difficult). 
· The absence of available data on ecological and underlying physical processes has a large 
influence on the methods capable of being adopted, and the likely outcomes of any given study, 
most of which rely on expert panels and qualitative risk based assessments. 
· There is a need for additional investment in research and development and long-term monitoring 
to improve significantly on the current approaches. 
· Given the high cost of undertaking serious scientific investigations of particular estuaries to 
support environmental flow assessments, there is a need to first prioritise estuaries. Not all states 
and territories have developed formal prioritisation methods. 
· There is no accepted standard framework for assessing environmental flow needs for estuaries at 
either a national or international level. While a standard framework might be desirable for 
Australia, such a framework would have to be sufficiently flexible to allow application of a range of 
scientific assessment methods to each particular estuary. 
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Governance arrangements 
The following gaps were identified: 
· Governance of estuarine ecosystems and resources is typically shared among multiple state 
agencies, which in some instances, leads to a complex set of arrangements.  
· In some instances, more complex and complete legislation has led to more complex governance 
arrangements, thereby making legislation harder to apply and enforce. 
· Overall, it is difficult to determine the degree to which particular governance arrangements are 
working. Such an assessment would require a thorough review of the management goals set out 
for particular estuaries and catchments (environmental, social and economic), together with an 
assessment of performance in achieving those goals.  
· Biophysical knowledge gaps limit the ability to assess ecological response to different 
development scenarios. From a governance perspective, the limitations in available data remain 
an important stumbling block in managing environmental water allocations to estuaries. 
· In terms of governance, a looming influence over planning for environmental flows for estuaries is 
future climate change effects. 
Community engagement and involvement 
The following gap was identified: 
· The use of expert panels and stakeholder representative committees for making decisions 
regarding setting environmental flow trade-offs and rules is common. These panels and 
committees will remain important, given the limited availability of scientific information regarding 
environmental flow needs of estuaries. However, anecdotal information is not a substitute for 
good science, and estuaries will continue to need well-planned and adequately funded 
investigation and monitoring.  
6.2 Opportunities for national leadership 
The freshwater–marine divide must be spanned in order to determine estuarine environmental flow 
requirements. Estuaries tend to be governed (policy) and studied (science) separately. A national 
policy framework is required to facilitate better integration across these divides. There is a role for 
both national and state or territory level responsibility in the management of estuaries. There are too 
many regional differences to make a single national management system viable. However, national 
leadership would be valuable in the following areas: 
· A national policy for estuary environmental flows
· A
 (that the states and territories can point to in 
their legislation)—this needs to be specific to estuaries, as existing agreements such as COAG 
(1996) are ‘stretched’ to estuaries with difficulty. The vulnerability of estuaries to potentially 
serious climate change impact heightens the need for such an approach. 
 national framework for assessing and implementing estuarine environmental flow needs
– national database of flow–ecology and flow–geomorphology relationships 
—the 
framework could include: 
– consistent assessment approaches and tools for measurement and modelling of 
particular estuarine processes 
– a two-tiered national approach for estimating estuary freshwater flow requirements 
(one approach for assessing simple, data-poor, low-value value systems, or for 
prioritising multiple estuaries, and a detailed approach for complex, data-rich, high-
value estuaries) 
– recognition of the vulnerability of estuarine zones, as well as the freshwater inflows to 
estuaries, to the effects of climate change.  
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Notes: 
(i) Geoscience Australia hosts the OzEstuaries36 database. This database provides 
comprehensive information about Australian estuaries and coastal waterways. This 
information helps to generate a better understanding of coastal environments, the 
complex processes that occur within them, the potential environmental health issues 
and how to recognise and deal with these issues. This database does not contain a 
list of specific flow–ecology relationships in a form that can be referred to in 
environmental flow studies. 
(ii) With respect to the Matter for Target (i.e. key topic) ‘Estuarine coastal and marine 
habitat integrity’, the National Land and Water Resources Audit (the Audit) has 
recommended the key indicators for Biological Condition and Physical/Chemical 
Condition.37
· A
 In the long-term, these data will provide important and useful information 
for environmental flows studies. In the near to mid-term future, environmental flow 
studies that require data are likely to undertake measurement of a limited range of 
parameters in a specific way over a relatively short period of time. This is not 
surveillance monitoring, but monitoring tailored to a specific type of investigation. 
Specific approaches will be required to suit the needs of the particular methods being 
employed. 
 national set of guidelines for describing and specifying flow rules
· 
—these should address 
implementation issues and provide common terminology. It is important that a consistent format is 
used to specify environmental flow components. As a minimum, flow components should be 
specified in terms of timing, flow magnitude, frequency and duration, but it may be necessary to 
also specify other aspects of the flow components. Consistency is also required in the practical 
specification of how environmental flows are to be implementation by managers. Compliance 
checking (the degree to which the specified environmental flows are met in a hydrological 
scenario) also requires development of a consistent methodology.  
Assistance with implementation of developed, and soon to be developed, plans
· 
—there is 
currently no specific Commonwealth funding program for implementation of estuary 
environmental flows. Bridging funding is required for establishment of the initial system until a 
user pays system can be developed for ongoing operation.  
A national investment program or framework for estuary research, development, and 
management
6.3 Suggested national framework for assessing and 
implementing estuarine environmental flow needs 
.  
6.3.1 Initial state or region-wide prioritisation level assessment 
An initial state-wide, or bioregion-wide, prioritisation of estuaries should be undertaken to determine 
the required level of detail for investigation, or required urgency of investigation, for each estuary 
(Figure 18). The analysis would have the capacity to make interim recommendations for flow rules 
using a risk assessment methodology and rules of thumb derived from previous experience (Figure 
18). While prioritisation is a normal part of the planning process, it is suggested here that the process 
be formalised and documented in a transparent fashion. It is expected that the prioritisation can be 
undertaken using existing data sets. Four variables that are likely to require consideration in such a 
process are: 
· estuary type (with respect to sensitivity to change in inflows) (Table 8) 
· assets, presence of and relative condition/value of (environmental assets, plus social, cultural and 
economic assets as relevant) 
                                                 
36 See <http://www.ozcoasts.org.au/>, accessed 24 June 2008. 
37 See: <http://nlwra.gov.au/Natural_Resource_Topics/Estuarine_Coastal_and_Marine/>, accessed 24 June 2008. 
NATIONAL WATER COMMISSION — WATERLINES           113 
· degree of hydrological alteration to freshwater inflows 
· impending threats to freshwater inflows (such as proposed water extraction). 
Figure 18: Guide for undertaking initial state or region-wide prioritisation level assessment 
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Derive preliminary 
rules if required
PRELIMINARY RULES
 
 
The prioritisation level assessment recommended for the national framework is presented here as a 
guide. The states and the Northern Territory would be expected to adapt this guide to suit the physical 
and ecological environments, data availability, and existing methods. The information gathered by this 
process may enable preliminary rules to be established. We have not proposed any detail regarding 
how this would be done—this can be developed by the states and the Northern Territory.  
As an example of how a prioritisation might work, the suggested procedure was applied to four 
hypothetical estuaries as shown in Table 10. In this example, the assets were lumped into a single 
unit, but in reality the assets could be analysed separately. Also, in this example, a three point scale 
of 1–3 was used, corresponding to 1 = Low, 2 = Medium and 3 = High. To help differentiate the 
estuaries, a more detailed scale could be used. In the example, the calculated risks were re-scaled 
back to the 3-point scale, but a continuous scale could also be used. It would also be possible to add 
weighting factors to enhance the influence of particular variables on the final risk score. This example 
used four variables to give two risk ratings (which were then added), but other variables could be 
added as desired. In this example, the risk assessment recommended estuary #1 was the highest 
priority for a detailed assessment, followed by #3, #4 and then #2. 
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Table 10: Example application of the initial state or region-wide prioritisation level assessment 
to four hypothetical estuaries 
 
Estuary number #1 #2 #3 #4 
Type 
Freshwater/ 
Brackish 
barrier lake 
Catchment 
area 80 
km2 
Catchment 
area 250 
km2 
Drowned 
valley 
 Existing Information     
 Sensitivity to physical/salinity impact High High Medium Low 
A Rating 3 3 2 1 
 Hydrological Stress Medium Low High Medium 
B Rating 2 1 3 2 
 Value of assets High Low High Low 
C Rating 3 1 3 1 
 Likelihood of water resources development  Medium Low Medium High 
D Rating 2 1 2 3 
 Scale of water resources development  High Low Medium Medium 
E Rating 3 1 2 2 
 Calculated risks     
F = A x B Likelihood of flow-related physical/salinity 
impairment 
3 2 3 1 
 Likelihood High Medium High Low 
G = F x C Risk of flow related impairment to assets 3 1 3 1 
 Risk High Low High Low 
H = D x E Risk of water resources development 
occurring 
3 1 2 3 
 Risk High Low Medium High 
I = G + H Total risk (1 - 6) 6 2 5 4 
 Priority rank 1 4 2 3 
Notes: Priority ranking refers to priority for application of the detailed Estuary Flows Map process. This is a simplified analysis; 
an actual application may involve more variables and different scales. Note: risks F, G and H are re-scaled after calculation. 
 
6.3.2 Detailed individual estuary-level assessment 
For estuaries deemed high priority by the initial state or region-wide prioritisation level assessment, a 
13-step process of detailed assessment, termed ‘Estuary Flows Map’, is suggested (Figure 19). The 
process described by the Estuary Flows Map was inspired by the literature review of existing 
frameworks undertaken as part of this project, and the discussions heard at the two workshops held 
for this project. The Estuary Flows Map is asset-based, with a preference for the approach of 
developing an understanding of flow–ecology, flow–geomorphology and flow–water quality 
relationships, and then using these as predictive tools to determine environmental flow requirements.  
The Estuary Flows Map is not an alternative to the recommended process of Peirson et al. (2002). 
Peirson et al. (2002) also favoured an adaptive management framework, but their report focused 
more on the technical (scientific) issues. The framework recommended here is not prescriptive with 
respect to scientific methods. As such, the Peirson et al. (2002) processes, or any other methods, 
such as benchmarking or bottom-up methods, can be employed within it. Thus, agencies are 
encouraged to continue to apply and refine their existing technical methods, as these are likely to 
have been originally developed to suit their particular circumstances and estuarine environments. This 
is not to say that alternative methods, or aspects of alternative methods, do not have broad, perhaps 
universal, application. So, agencies are encouraged to share methods on the basis of demonstrated 
results and efficient performance. 
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Figure 19: Estuary Flows Map process for assessing and implementing estuarine 
environmental flow needs at the detailed individual estuary level 
Step 1. Establish the 
Technical Reference 
Panel (TRP)
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Community Reference 
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assets (CRP)
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management objectives
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objectives
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that trade-off all objectives. Advise Government (IFR)
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define management 
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& Implementation Plan
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Draft WAIP and seek approval 
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TRP & CRP
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Public review
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Monitoring Reports
Government, TRP, CRP
Integrated Flow 
Recommendations
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*Add or integrate Indigenous Working
Party (IWP) as appropriate
 
Note: Periodic products from the process are shown on the right 
 
One of the important tasks in any estuary environmental flows assessment is to evaluate estuary 
condition (i.e. the relative state of estuarine ecosystem health). This report did not review estuary 
condition assessment methods. For advice on this topic, see Arundel and Mount (2007), or refer to 
the National Land and Water Resources Audit recommended key indicators for Biological Condition 
and Physical/Chemical Condition for estuaries (see above).  
The Estuary Flows Map contains three key requirements that differ from existing frameworks: 
· a requirement to develop a set of numerical response functions that describe relationships 
between benefits to users and water requirements 
· a requirement to explicitly consider climate change, land use change, and water resources 
development hydrological scenarios in establishing the water availability, and evaluation of the 
water allocation options 
· a requirement that any modification of the initial ecological flow recommendations (i.e. the option 
that the technical reference panel deems is required to maintain ecological values in the agreed 
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state) must be undertaken through a numerical, iterative process, where each trade-off (between 
the benefits for the various users) is explicitly described and documented. 
Each of the 13 steps of the Estuary Flows Map has a specific objective and set of tasks, as described 
below. This report is not a manual for applying the Estuary Flows Map. At this stage, the Estuary 
Flows Map is little more than a shell that has been generally agreed by stakeholders to offer a 
framework within which robust and reasonably consistent flows assessments can be made. There are 
many details that will need to be added. Some of this detail is best resolved at the state or territory 
level, to suit the particular situations that prevail there, while other matters will have universal 
solutions. Further development of the Estuary Flows Map can occur on two fronts: 
· refinement of some details that are likely to have universal application 
· refinement through application to case studies. 
6.3.3 Thirteen steps of the Estuary Flows Map process 
Step 1. The agent to establish the technical reference panel and undertake an 
initial investigation 
Objective: The Agent acts as a facilitator of the Estuary Flows Map process. Upon establishing the 
technical reference panel, initial investigations are undertaken in order to scope the issues and learn 
enough about the estuary to be able to initiate discussion with the community reference panel (see 
Step 3). One of the requirements of this step in the process is to define the estuary boundaries.  
The technical reference panel should contain experts well qualified in the fields of estuarine: fish, 
vegetation, invertebrates, birds, hydrology, geomorphology, water quality, and hydraulics. Also, it is 
recommended to include an expert familiar with numerical modelling of social, cultural and economic 
aspects of estuaries.  
Step 2. Establish system water availability under current and future 
hydrological scenarios (climate change, land use change and potential water 
resources development) 
Objective: Undertake hydrological modelling and analysis to quantify the water availability under a 
range of seasonal and inter-annual conditions. In particular, water availability must be assessed for 
likely future climate change, land use change and water resources development scenarios. This step 
does not have to be undertaken as the second step in the process, but it should be initiated early in 
the process, as the modelling can take time, and the results are critical to the entire process.  
At the earliest opportunity, a ‘Hydrology report’ is prepared by the technical reference panel 
hydrologist and distributed to the technical and community reference panels. This report details the 
methods used to model freshwater flows to the estuary, and it provides a statistical summary of the 
hydrology under the defined scenarios. It would be desirable for this report to include a basic 
minimum set of hydrological statistics, so that the inflow hydrology of any estuary can be readily 
compared. This would be a suite of statistics that had universal application to estuaries. The statistics 
would be chosen for their known or assumed ecological relevance. Individual project reports could 
report any number of additional statistics that were relevant to the case under investigation. The 
hydrological analysis of Step 2 should be regarded as preliminary, as further analysis will be required 
following Steps 6 and 7, when specific flow components are identified. 
Specification of the ‘basic minimum set of hydrological statistics’ is a task for the next phase of 
development of Estuary Flows Map.  
Step 3. Establish the community reference panel 
Objective: The community reference panel is to be formally established, including setting down the 
panel’s responsibilities and protocols. 
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The community reference panel is made up of representatives of the stakeholders with an interest in 
the estuary. It may be appropriate to also establish a separate Indigenous working party, while in 
some places Indigenous representatives may prefer to work within the community reference panel. 
For the remainder of this document, where the term community reference panel is used, readers 
should assume that it also includes an Indigenous working party as appropriate to the circumstances.  
At this stage of the process, the community and technical reference panels both document the terms 
of reference for the project, protocols to be followed, and the work plan. Relevant legislation, policy 
and governance issues are identified, clarified and documented. The distinct roles of the panels and 
the ‘agent’ are defined at this stage. It will be necessary to seek balanced representation on the 
community reference panel so that all major interests are included and fairly considered. The 
composition of the community reference panel will vary from estuary to estuary.  
Step 4. Identify system values and assets 
Objective: The system values and assets (determined jointly by the technical and community 
reference panels) are grouped in the following categories: 
· ecological 
· social and cultural 
· economic. 
There are various methods available for identifying and valuing assets (condition or health 
assessment). Much of this can be done through desktop research, but field inspections are also likely 
to be required. The sub-criteria for assets and values identified by Peirson et al. (2002) are suggested 
as a minimum for consideration in this step. 
The two panels jointly author an ‘Assets paper’, which is an account of the assets of the estuary and 
their condition.  
Step 5. Establish management objectives 
Objective: Agree on the desired ecological condition, the desired economic returns and the level and 
type of utilisation of the estuary. 
These objectives are based on the expectations of both the community and technical reference 
panels and they are specific to this stage of the process. Some of the expectations could later prove 
to be unrealistic, but there is scope to review the objectives after the two panels become more fully 
informed through the process. The ecological objectives are specific statements that are linked to 
assets. While these may initially appear as statements of desired future states, the ecological 
objectives also need to be amenable to being expressed in terms of hydrologic and hydrodynamic 
criteria. The economic, social and cultural objectives also need to be amenable to being expressed as 
specific hydrologic or hydrodynamic criteria.  
At the completion of this stage an ‘Objectives and issues paper’ is produced, jointly authored by the 
two panels. The ‘Issues’ are the flow-related and non-flow related issues that are present in the 
estuary. The Estuary Flow Map process focuses on flow related issues, but non-flow related issues, 
especially those that threaten the effectiveness of environmental flow management, are to be 
documented. The main component of the ‘Objectives and issues paper’ will be clear statements of the 
management objectives. Each flow-related objective should include a description of the hydraulic or 
hydrologic criterion that will be used to assess achievement of the objective.  
Step 6. Establish system water requirements 
Objective: Determine the water requirements for the various users of the estuary (including the 
environment) using appropriate methods. 
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The methods should return continuous functions (numerical models) that relate the benefit to a range 
of appropriate hydrological indices (related to important flow components). The categories of users 
are: 
· ecological 
· social and cultural 
· economic. 
This is the most technically challenging step in the Estuary Flows Map process. The models will 
probably take different forms (ranging from high certainty deterministic numerical functions to simple 
risk assessment functions) and development of some models may require collection of new data. 
Development of a hydrodynamic model for a reasonable budget and within a reasonable time frame 
will be a particularly difficult challenge. Development of the hydrodynamic model by the technical 
reference panel can begin at the outset of the project, as this task is not critically dependent on inputs 
from the community reference panel, and does not have to follow in sequence from identifying values 
and assets and establishing objectives. Development of the hydrodynamic model may require 
collection of bathymetric and topographic survey data, as well as collection of data concerning tidal 
fluctuations and salinity patterns (spatial and temporal). Monitoring will take time, ideally over an 
annual cycle.  
As soon as the hydrodynamic model is functional, a draft ‘Modelling tools and model report’ should be 
prepared by the hydraulic modeller and distributed to both the technical and community reference 
panels. The hydraulic model will underpin many of the ecological (and perhaps also some of the 
social, cultural and economic) objectives. In other words, many of the objectives will initially be 
expressed in terms of water level, or salinity, velocity or shear stress limit, and the hydraulic model 
converts these values to the currency of flow (megalitres per day), which is required in order to 
specify environmental flow components.  
An important part of the physical modelling is a geomorphic component that predicts the mouth 
opening and closing process (where relevant). This is complicated by unpredictable marine storms 
and other uncertainties. Ideally, the estuary mouth opening status should have been monitored to 
provide empirical data for interpretation and model calibration. The physical understanding of mouth 
opening and closing will need to be linked to ecological models of processes that are critically 
dependent on this cycle. 
Associated with the challenge of the physical modelling is the difficulty in defining continuous 
flow/hydraulics-ecological response models. Over time, a library of flow–ecology relationships should 
be compiled and recorded in a centrally maintained database.  
Derivation of functions to describe flow requirements to achieve the social, cultural and economic 
objectives is the responsibility of the community reference panel (as this is where the knowledge of, 
and interest in, these matters lies), but technical experts may need to be consulted. Most of the social 
and economic flow–benefit functions would much simpler than the models of the physical and 
ecological system, as the issues of concern are usually a function only of water level in the estuary. 
Some objectives (e.g. commercial fisheries) might depend on certain flow components being 
maintained, which is most likely to be expressed as a direct hydrological requirement. It is expected 
that there will be difficulties in establishing flow–benefit functions for some of the social, cultural and 
economic objectives. The job of the technical expert on the technical reference panel is to ensure that 
a rigorous approach is taken, and to assist community reference panel members (or their consultants) 
to convert their ideas and data into useful numerical functions.  
Obtaining an understanding of the estuary processes is similar to what is required to run the EEMSS 
(Estuary Entrance Management Support System) (Arundel 2006). This does not necessarily make the 
EEMSS obsolete, as the main use of the EEMSS is to assist with intelligent decision making at critical 
times when the issue of artificial entrance opening arises. Thus, consideration of mouth opening 
processes in the environmental flow assessment will provide information to improve consistent and 
well-grounded application of a decision-support tool like the EEMSS.  
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Agencies and agents across Australia are encouraged to collaborate on these technical problems and 
to make their information and models freely available. This step must be undertaken regardless of the 
perceived difficulty, and regardless of how preliminary the models may seem. All of the models can be 
improved with time (assuming appropriate data is collected in the monitoring program, see Step 12).  
Once the models have been developed, the ‘Modelling tools and model report’ is completed. This 
report details the methods used (including all assumptions, and statements of uncertainty) and reports 
the final functions that will be used in the process of establishing flow needs.  
Step 7. Recommend flows (ecological flow recommendations) to meet 
ecological objectives 
Objective: The ‘Ecological flow recommendations report’ is devised to meet the environmental 
objectives without making compromises to meet any other competing objectives. 
The recommendations are derived principally by the technical reference panel, but the community 
reference panel endorses them. This report is used as a benchmark of the ecological potential of the 
estuary.  
The ‘Ecological flow recommendations report’ will specify the flow regime required to meet the 
ecological objectives. The components of the regime will need to be specified using a standard format 
and standard terminology. With respect to format, as a minimum it will be necessary to specify each 
required flow component in terms of timing, flow magnitude, frequency and duration, but it may be 
necessary to also specify other aspects of the flow components (such as variability). If the 
methodology being used calculates what water can safely be taken out of the existing flow regime, 
then this must be carefully described.  
The ‘Ecological flow recommendations report’ will also need to cover some basic aspects of 
implementation (such as rules that state how and when to provide the recommended minimum flows, 
‘… or natural’), and compliance issues. Compliance is the degree to which the specified flow 
components are met in the flow scenario (i.e. it is computed from the modelled flow data).  
Step 8. Iteration of models under selected hydrological scenarios to achieve 
alternative, implementable flow options that trade-off all objectives. Advise 
Government by delivery of the Integrated Flow Recommendations (IFR) report. 
Objective: Options are to be derived by iteration of the linked numerical models (using traceable 
steps) in an attempt to best meet the defined objectives.  
This will require application of an explicit (numerical) trade-off process. It is likely that the relative 
benefits and costs will be balanced using a type of risk assessment. Each option is associated with a 
degree of meeting each objective (ecological, cultural, economic, recreation etc.). Options are to be 
evaluated for future hydrological scenarios (climate change, land use change and potential water 
resources development).  
The panels may consider it necessary to revise their original objectives in light of the knowledge 
gained from the process of modelling and trading-off water allocation options. This process, and the 
rationale used, must be documented.  
This stage of the process should consider compliance and implementation issues. Implementation 
plans describe certain practical ‘rules’ that water managers would be able to follow to facilitate 
provision of the specified environmental flow components.  
The purpose of the IFR report is to advise government. The government is responsible for drafting the 
‘Water allocation and implementation plan’ (WAIP) – the role of the technical and community 
reference panels is to advise government in this task through the IFR report. 
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Step 9. If required, re-define management objectives 
Objective: The technical and community reference panels reach an agreed position on the best option 
for flow recommendations to put to government. 
As part of the process of integrating the estuary models, it might be the case that a solution cannot be 
found due to unrealistic constraints being placed by the objectives. In this case, the two panels may 
decide to re-define the management objectives (Step 5) and revise the water requirements (Step 6).  
Step 10. Draft WAIP peer reviewed (revise), government seeks public review 
Objective: Review the draft WAIP. 
The draft WAIP (prepared by government) is first peer reviewed (including by the community and 
technical reference panels). After revision, the WAIP is subjected to the public review process. All 
stakeholders should be given the opportunity to consider the implications of the plan, and to challenge 
or support the plan as they see fit.  
Step 11. Government to revise draft WAIP and seek approval of final WAIP  
Objective: On the basis of the review process, the draft WAIP is revised by the government to form 
the Final WAIP. Approval of the final plan is sought from the Minister, or relevant authority.  
Step 12. Undertake selective monitoring and periodic review of performance 
(with respect to objectives, and also with respect to any observed climate 
change, land use change and hydrological change due to water resources 
development). 
Objective: Monitoring and review is undertaken as a step in the adaptive management process. While 
the main objective is to provide information to Step 13 (15-year WAIP review), management should 
respond sooner if the data clearly warrant such action. 
Monitoring should be hypothesis driven, so that the flow-response models can be improved. It is 
necessary to review the hydrology, as any major shifts in water availability (from climate change, land 
use change and water resources development) could require a review of the management objectives.  
The monitoring should be staged, such that some response indicators (e.g. inflow hydrology, oceanic 
exchange, and water quality) would provide a rapid indication of performance of the flow regime, while 
other ecological indicators would require a longer-term, five-year review.  
Every five years a ‘Monitoring report’ should be prepared. This is a professionally prepared document 
that critically evaluates the data collected, and the methods used. This report should make 
recommendation on how to overcome any identified deficiencies in the monitoring program. If at any 
stage the monitoring program convincingly reveals major flaws in the original assumptions of the 
models used to derive the flow recommendations, then a revision of the WAIP may be warranted.  
Step 13. Revise the water allocation and implementation plan as required 
(approximately every 15 years) 
Objective: At approximately 15-year (maximum) intervals, the plan should be revised as necessary to 
take account of changed asset values, changed objectives, changed water availability and new 
scientific information. This will require a re-run of the Estuary Flows Map process from Step 4 
onwards.  
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